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PREFACE. 



As an expositioa of the principles of physical science, adapted to 
the purposes of education; Ganot's Elements de Physique has strong 
claims to preference over other works of the kind. It has passed 
through numerous editions, and has been translated into seyeral 
European languages, — ^its methodical arrangement and scientific ac- 
curacy, as well as the clearness of its definitions and explanations, 
rendering it a standard work of the kind. 

Professor Atkinson's admirable English translation, embodymg all 
that is required for an extensiye college course, and including the ap- 
plications of the higher mathematics to the subject^ has been very 
extensively used both in this country and in Ei\gland, and is at pres- 
ent generally acknowledged to be the most valuable and popular text- 
book of its dass. 

The severely scientific character of this work, however, necessarily 
renders it unsuitable for use in elementary schools, in which instruc- 
tion in mathematics is confined within the ordinary limits of a rudi- 
mental course. The present work is designed to meet the wants of 
such schools by supplying a brief treatise, containing an exposition of 
the fundamental principles of physical science as laid down by Ganot, 
and with the admirably lucid illustrations and experimental demon- 
strations supplied in his larger work. 
J It has been, therefore, the aim of the editor and compiler of this 

work, while stating the elementary definitions and principles as clearly 
and concisely as possible, and distinguishing them from illustrative 
and subordinate matter, to adhere, as far as was practicable, to the text 



IV PREFACE, 

of the larger work, bo that this elementary manual might be conyen- 
iently used as an introduction thereto, mthout necessitating the re- 
leaming of these rudimental parts. 

The selection of illustrations from those of the larger work has 
been governed by the consideration of simplicity and utility ; and the 
explanations have been made as brief as perspicuity would permit, 
since young students are apt to be repelled by prolix descriptions, 
which after all can not, properly or effectively, supersede the constant 
use of the apparatus itsell 

The Synopses are designed to furnish a ready method of topical 
review, and hence have been made fuUy exhaustive of the text The 
arrangement in each presents a dear analysis of that part of the sub- 
ject to which it refers ; and thus, wliile serving to fix in the mind of 
the student the logical relations of the different topics, can not fall to 
be serviceable to the instructor both for examination and drilL 

The Applications of Principles are intended to supply an exercise 
which can readily be extended by the intelligent teacher, the student 
being encouraged to find material for similar inquiry'. Success in 
teaching this subject depends very much upon the degree in which 
the pupil's mind is awakened to such a spirit of investigation. 

The Problems for Exercise have been made sufficiently simple to 
be solved by students who possess but an elemetitary knowledge of 
mathematics, and will serve still further to discipline the mind in this 
kind of inquiry, as weU as to apply the principles acquired. 

The English system of weights and measures has been substituted 
for the metric system as better adapted for so elementary a work. 
The Fahrenheit thermometer is chiefly referred to, although the 
method of conversion into Centigrade degrees has been fully ex- 
plained. 

New York, Augost 1, 1883. 
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SUGGESTIONS TO TEACHERS. 



Effxctitb teaching requires not only a knowledge of the gnbject to be tunght, bat a oorroot 
nnderstanding of its relstionB to the mind — the faculties which it especially addresses, and calls into 
exercise. In this regard every branch of instruction has its own peculiar field. Physics, or experi- 
mental philosophy, its peculiarly a science of causes and effects, and the mental faculty which its 
study chiefly brings into play is inductiYO reasoning, based on the facts of observation and experi- 
ment. 

Hence, the pupil should, at every stepi, be made attentive to the fiscts and the means by which 
they have been ascertained, and xhould be trained to reason correctly upon them — at any rate, to see 
clearly how they support the principles derived from them. A mere mechanical study and reci- 
tation may serve to fill the memory with facts obtained by the observation and reasoning of other 
minds, but will not promote the requisite mental discipline, uuIcsh the student is trained to collect 
facts by his own observation und experiment, and made to reason correctly ii\xm them. 

At every stage, therefore, the principles and laws presented should be illustrated by facts of the 
pnpil^s own experience— such as the oomttionest observations often afford, and which need only 
attention and Intelligenoe to render interesting illustrations of important principles. If the pupil 
lias had no experience of any particular class of phenomena under consideration-— of polarised light 
or electrical induction, for example — it must be imparted by the instructor through tb» agency of a 
oacefnlly arranged series of experiments, which the pupil should be required to duplicate himself by 
the use of the apparatus. 

The figures and diagrams representing tiie apparatus are illustrative onlv in a secondary degree, 
and cannot wholly take the plaoe of appanitns designed for primary exposition or illustration. The 
sUident should be accustomed to the use of these, and should constantly be required to explain the 
processes, and the principles or f«MCts which they servo to exemplify or to prove. Drawing diagrams 
on the blackboard may help to deepen the impressions formed from them ; but this will not, neces- 
sarily, make the student's idou of the principles more clear or comprehensive, or supersede the 
necessity of actual observation and experiment. 

The primary inlnciples, laws, and definitions, cleariy and oondAely exprened, should be accu- 
rately fixed in Uie memory, so that they may be readily referred to. If the pufdl can find as good or 
a better form of expression for them than that given in the text-book, he should be permitted, and 
even encouraged, to use it; but aocuracy and definitencss should always be insisted upon, and the 
habit of slovenly and inaccurate statement carefully avoided! In this work, the numbered articles, 
in larger type, contain the most important definitions and principles, and with these the pupil's 
mind should be thoroughly familiarized. Of the subordinale mstter, in smaller print, the substance 
only need be given in recitation, with less attention to absolute accuracy of expression. 

Connected statements relsting to particular topics should be required of tlie pupil rather than 
answers to minute questions, although the latter are not to be dispenHcd with altogether. After the 
pupil has stated all that he can upon the topic assigned, and in the best manner as to arrangement 
and style of expression, the teacher, by skillful questioning, will bo able to accomplish very much 
toward rendering the imperfect ideas of the pupil more dear, definite, and accurate, and putting the 
sobject in a better and stronger position in his mind. 

The synopsis given at the end of each chapter will be found to contain an analysis of every topic, 
and can be used as a guide in recitation as well as for examination and review. The synopsis of 
that part of the subject from which the ptipils are to recite may be written on the blackboard, and 
the recitation proceed without qnoRtioning by the teacher. Much is gained by throwing the learner 
on his own resources, aid being afforded only when it is needed, and when the pupil feels its need. 

The practical exemplification of principles should be carefully attended to, the examples given 
being employed only to stimulate the pupils^ minds in that direction, and excite to observation and 
reflection. Others will then be readily foimd. Bo in regard to apparatus: the pupil should be 
encouraged to experiment with the simple means and appliances at his own command, or with such 
as he can exercise his constructive ingenuity in preparing. The union of the easecuUve faculties 
with the reflective has the greatest importance in education— from the kindergarten to the high 
school, or even college. 

The pupil should be encouraged to searoh, in larger works, for ampler statements, fuller illustra- 
tions, and more extensive knowledge of the various subjects treated. It is more important to 
impart a taste for a particular branch of knowledge than to teach any number of facts pertaining to 
It ; for the mind, under such a spur, rapidly makes acquisitions. 

Solid, lasting results cannot be reached in haste ; the study of a few weeks cannot be made so 
effective as to give a matured knowledge of the elementary principles of such a subject as physics. 
The pupil shoiUd not be encouraged to think so ; but should be made to understand that only close 
and protracted attention, diligent reflection, and reviews many times repeated, wiU serve to fix in 
his inind principles and facto which he can render available in his future studies or in his fntore life. 
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CHAPTER I. 
MATTER, FORCE, AND MOTION. 

I.— OEMKRAIi PRINCIPLES. 

1. Physics is a branch of science that treats of the changes ob- 
served to take place in bodies. These changes are called phenomena. 

The fall of a stone, the vibration of a string, the sound prodaced by it, the 
freezing of water, the melting of lead, are examples of physical phenomena. 

Changes in the nature of the bodjr itself, such as the decomposition of one 
body into others, are phenomena the study of which forms the immediate object 
of Chemistry, Physics, sometimes called Natural PlUU>9ophyy or Mechanical 
mU>9ophy^ treats of matter in masses ; Chemistry has regard to the elementary 
particles of which they are composed. 

2. Matter is anything that has extension ; or it is that the exist- 
ence of which is made known by our senses. A body is any separate 
portion of matter. 

All material substances are either elements, or chemical combinations of ele- 
ments ; that is, of substances that cannot be decomposed into others of a simpler 
character. The number of such elements at present known is sixty-seven. Gold, 
silver, iron, sulphur, and phosphorus are examples of elements. 

3. Atoms and Molecules. — Matter is conceived to consist of an 
immense number of exceedingly small particles, called atoms. A 
group of atoms forms a molecule. 

Atoms cannot be divided, and are held in position, without touching each 
other, by means of attractions and repulsions, called molecular forces. Thus every 
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body may be considered u an aggregate of moleenles, and these again as aggre- 
gates of atoms. This is called the Atomic Theory.* 

The distance between the adjacent molecules of ordinary bodies has been 
estimated as less than the three hundred millionth part of an inch. If we imag- 
ine a drop of rain magnified to the size of the earth, the molecules, being pro- 
portionately increased, would then be no larger than an apple. That is to say, 
the molecules of a drop of water are as much smaller than an apple as a drop of 
water is smaller than the earth. The number of molecules in a cubic inch of 
water has been estimated at three hundred and fifty trillions ; and the weight of 
an atom of hydrogen gas, at less than the thousand millionth part of a grain. 

4. The states of aggregation presented by material sabatancea 
are three : of solids, of liquids, and of gase& 

6. Solids consist of molecules held firmly together by more or 
less force ; as minerals, metals, wood, etc. 

Solids, therefore, tend to retain whatever form may be given them by nature 
or art. 

6. Liquids consist of molecules that moye easily among them- 
selves ; as water, oil, alcohol, etc. 

Hence a liquid readily assumes the form of the vessel into which it is poured. 

7. Cases are substances the molecules of which tend to recede 
from each other by mutual repulsion. 

The general term fluid is applied to both liquids and gases. 
The same substance may exist in any of these three states^ Of this, water 
presents a familiar example, in its frozen, liquid, and vaporous state. 

8. A physical law is the constant relation which exists between 
any phenomenon and its cause. 

Thus the relation between the diminution of the volume of a gas and the 
pressure that causes it, is expressed in the following law : 77^ tolutne ofagca is 

* This theory is not a modem conception. It is at least as old as the Greek philos- 
opher Leacippas and his pupil Democritus, who lived about the middle of the fifth 
century b.c. It was taught by Epicurus in the third century, and made the basis of 
the famous philosophical poem of Lucretius, a Latin poet who lived about the middle 
of the first century B.C. It was, in recent times, elaborated by John Dalton, an 
English physicist, who published a complete statement of the theory in 1810. Its appli- 
cations to mechanical and chemical philosophy, it is claimed by some, are inconsistent 
and irreconcilable. Thus it is remarked by Stallo that '^ while the absolute equality 
of the primordial units of mass [atoms] is an essential part of the very foundation of 
the mechanical theory, the whole modem science of chemistry is based on a principle 
directly subversive of it — a principle of which it has recently been said [by J. P. 
Cooke] that *' it holds the same place in chemistry that the law of gravitation does in 
astronomy.* " This principle is that known as the law of Avogadro, or Ampere, which 
asserts that ** equal volumes of all substances, when in the gaseous form and under like 
conditions of pressure and temperature, contain tJie tame nutnber of moleculei,^^ 
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in^endif propOfiikmal to thepretiure. That is, twice the preasare prodaees one* 
half the Tolume ; three times the pressure, one-third of the yolume. 

9. A physical theory is a sysieinatic expoBition of a particular 
class of phenomena^ and is based upon a consideration of all the laws 
relating to it. 

Thus we have the theory of light, of heat, of electricity, etc. An hypothuii is 
a supposition used to explain some particular phenomenon. 

10. Physical agents are the forces of nature acting on matter, 
and causing yarious phenomena ; such as gravitation, heat, light, 
magnetism, and electricity. 

These physical agents are discerned only by their efFeots ; their intrinsic nature 
is entirely unknown. It is now a prevailing hypothesis that there is a subtile, 
imponderable, and elastic fluid, called eiheTf distributed throughout the universe, 
pervading all bodies ; that the atoms of which matter is composed are capable of 
definite motions varying in character and velocity ; that these motions can be 
imparted to the ether ; and that they produce heat and light, according to their 
velocity, and, when of a peculiar character, cause electricity. Thus all physical 
phenomena are conceived to be but transformations of motion.* 

n.— PROPERTIES OF BODIES. 

11. Properties of bodies are the different ways in which bodies 
present themselves to the sensea They are either general or specific. 

12. General properties are those that belong to all bodies. The 
most important are extension, impenetrability, divisibility, porosity, 
compressibility, elasticity ^ mobility, and inertia. 

13. Specific properties are such as are observed in certain bodies 
only, or in certain states of those bodies : as solidity, fluidity, tenacity^ 
ductility, malleability, hardness, brittleness, transparency, color, etc. 

Impenetrability and extension are the only essential attributes of matter, 
since either is sufficient to define it. Divisibility, porosity, compressibility, and 
elasticity do not apply to atoms, but only to bodies. 



* " The primary elements of all natural phenomena are man and motion. Mass ia in- 
diflbrent to motion, which may be imparted to it, and of which it may be divested, by a 
inmsference of motion from one mass to another. Mass remains the same, whether ut 
reet or in motion. Both masa and motion are constant. .... The elementary 
units of mass, being simple, are in all respects equal ; absolutely hard and inelastic ; 
and absolutely inert, and therefore purely passiva^' — Stallo'i OoncepU and Theories of 
Modem Physiea. The word mcus is here used to express matter divested of all the 
qoalities which are conceived to arise from some form or kind of motion. The above 
include the fundamental propositions of what is called the atomo-meehanical theory. 
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14. Extension ia that property of matter by virtue of which it 

occupies a definite portion of space. 

Extension has three dimensions— length, breadth, and thickness. The qnan- 
titj of space occupied by a body is its volume, 

15. Impenetrability is that property of matter by virtue of 
which a body excludes every other body from the space which it 
occupies. 

That is to saj, two bodies, or separate portions of matter, cannot occupy the 
same space at the same time. Thus when a stone is dropped into a vessel of 
water, the water rises by an amount equal to the volume of the stone ; showing 
that the water has not been penetrated but displaced by it. It will be found, 
however, by ezx>®riment, that the volume of a mixture, of water and alcohol, for 
example, is less than the sum of the volumes of the bodies which compose it. 
This is explained by the hypothesis that the molecules of one partly occupy the 
interstices between the molecules of the other. 

If we attach a piece of paper to the inner surface of the bottom of a tumbler, 
and plunge the inverted tumbler iuto a vessel of water, on withdrawing it from 
the water the paper will be found nnmoistened, showing that the water has not 
reached it, on account of the air in the tumbler ; for the water can only compress 
the air, it cannot penetrate it. 

16. Divisibility is that property of matter by virtue of which it is 
capable of being divided into part& 

The divisibility of matter, though extreme, is conceived to have a limit, be- 
cause the phenomena of chemistry lead to the conclusion that every substance 
consists of indivisible particles, or atoms. 

The extreme divisibility of matter is shown by various phenomena. The 
tenth part of a grain of musk will continue for years to fill a room with its odor- 
iferous particles, with scarcely any loss of weight. The red globules of human 
blood are less than the 3500th part of an inch in diameter. More tlian a million 
of them are contained in a drop that might be suspended from the point of a 
needle. AnimalculsB scarcely discernible through the microscope have blood 
flowing through their veins. How inconceivably minute must be the blood par- 
ticles of these infinitesimal creatures ! 

17. Porosity is the property of possessing pores, or interstices 
between the component molecules. 

Some substances are obviously full of pores : as sponge, wood, and pumice- 
stone. These are called aensiUe portg. Interstices so small that the surrounding 
molecules remain within the sphere of each other^s attractions and repulsions 
are designated phy&kal poivs. 

The porosity of gold was proved in 1661, by the Florentine experiment designed 
to test the compressibility of water. A thin hollow globe of gold being filled with 
water, and tightly closed, was subjected to great pressure in order to alter its 
form, and thus diminish its capacity. The water, however, resisted the pressure, 
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and forced its way through the pores of the gold, exhibiting itself in drops, like 
dew, on the outer surface. 

18. Compressibility is that property of matter byvirtue of which 
it may be diminished in volume by pressure. 

Different substances vary greatly in this respect The most compressible 
bodies are gases, while liquids have very little compressibility. Solids possess 
this property in widely different degrees. 

19. Elasticity is that property by virtue of which a body resumes 
its original form or volume, when the force that has changed it ceases 
to act 

Gases and liquids are perfectly elastic ; that is, they regain exactly their orig- 
inal volume after compression. Solids have widely different degrees of elas- 
ticity. India-rubber, ivory, and glass are examples of elastic bodies; while 
lead and clay are almost wholly inelastic. 

If a ball of ivory, glass, or marble be allowed to fall upon a slab of polished 
marble slightly smeared with oil, it will rebound, rising to a height nearly equal 
to that from which it fell ; and a circular blot of oil will be found upon the ball 
where it struck the slab, showing that it was flattened at that point, but regained 
its original form. 

20. Mobility is the capability which a body possesses of being 
moved, or of changing its position in space. 

21. Motion is a continued change of x>osition in space. 

A body is said to be a< rest, when it is not in motion. A body while in mo- 
tion may relatively be at rest. Thus a passenger in a railway carriage may be 
in a state of rest in relation to the train, while being carried along at a speed of 
twenty or thirty miles an hour. 

22. Inertia is that property of matter by virtue of which it can- 
not of itself change its state, whether of motion or rest.* 

If a Vbdy is at rest, it will remain at rest; and if in motion, it will continue 
to move in the same direction, and with the same velocity, until acted upon by 
some external force. This is the substance of Newton's first law of motion. 

The inertia of matter is illustrated in various familiar phenomena. A rider is 
carried over the head of a horse when it suddenly stops, because he does not im- 
mediately lose the motion which he had acquired. In striking the handle of a 
hammer against the ground, the handle suddenly stops, but the head, striving to 
continue its motion, fixes itself more firmly on the handle. The application of a 
heavy fly-wheel to machinery to regulate its movements, depends upon inertia ; 



* Inertia is, in fact, not a property of matter bat a law of motion. It implies not 
positive resistance, but mere pawiveneas. Motion cannot create itself, nor can it 
destroy itself ; there must be what is called force to do either. The units of mass, or 
atoms, are conceived as absolutely passive or inert, the motion which they possess 
being "due to some primordial impulse,** 
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since, when the wheel is once set in motion, it continnee to reroWe for some 
time after the force which moved it has ceased. This prevents all jerking, and 
produces uniformity in the motion of the machinery. 

m.— FORCE, EQUILIBRIUM, AND MOTION. 

23. Force is that which acts upon a body to cause or modify its 
motion, or to bring it to a state of rest when in motion. 

24. Velocity is the rate at which a body moyes. When the body 
passes over equal spaces in equal tiroes, the Telocity is said to be 
uniform ; when this is not the case, it is variable. 

Uniform velocity is measured bj the number of units of space described in a 
given unit of time. The units commonly employed are feet and seconds. For 
example, a velocity of 5 means a velocity of five feet in a second. The follow- 
ing are examples of velocity thus expressed : 
Bnatl 0.006 Gairterplgaan 190 



Military quick step 4.8 

Modemte wind 10 

teUingwind 18 

Steam Tenel S9 

Bxpreas train 45 



Hnnioane 100 

Bound 1,090 

Oannon<balL 1,180 

Rifle-ball 1,890 

Point on the eqnator (earth*8 rotation) 1,610 



Oale. M I Earth in lt§ orbit 100.000 

FUght of an oagle 100 I Light (180,000 miles) 980,000,000 

25. Uniform motion is produced in a body when it is acted 
upon by a single force. The motion is then in a straight line, and 
is called rectilinear motion. 

26. Cui^illnear motion is caused when a body having been 
acted upon by a momentary force, is constantly deflected from its 
rectilinear path by a continuous force. 

A force in regard to the time in which it acts, is either momentary or tm- 
jnUnre, or conUnutnu. The former acts, and then ceases to act, as the force of 
explosion (cannon-ball) or impact (billiard-ball) ; the latter acts constantly, as 
gravitation and magnetic attraction. If the strength of a continuous force does 
not vary, it is called a constant force, 

27. Momentum is the quantity of motion in a body at any par- 
ticular time. It varies directly as the mass, or quantity of matter, 
and the velocity jointly. 

Hence, to express the momentum of a body numerically, the number of units 
of mass must be multiplied by the number of units of velocity. Thus, the mo- 
mentum of a body weighing iivo ])ounds [unit of mass, 1 lb.], and moving at the 
rate of twelve feet a second [unit of velocity, 1 foot], would be expressed by 60 
(5 X 12) ; and another weighing three pounds, and moving at the rate of ten feet 
a second, would have a momentum of 80. Hence the momentum of the first 
would be twice as great as that of the second. 
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. 28. Measure of Force. — ^Force, when constant^ ia measured by 
the momentum which it communicates to a body in a given unit of 
time. If variable, it is measured, at any instant, by the momentum 
which it would communicate if it remained constant for a given unit 
of time from that instant 

In the British system of weights and measures, the ujtit offeree is thai force 
which, acting on a ponnd of matter, would produce a velocity of one foot a second. 
This unit is caUed a poundaL 

29. Weight is caused by the force of gravity, or the attraction of 
the earth. 

As the earth is not a perfect sphere, all parts of its surface are not at the same 
distance from the center ; and as the attraction varies with the distance, the 
weight of a body is not the same at different parts of the earth. This may be 
verified by attaching a piece of metal to a delicate spring, and noting the varia- 
tions in the length of the spring during a voyage from a place in the northern 
hemisphere to one in the southern hemisphere — say, from London to the Cape 
of Good Hope. 

Hence to the poundal as a unit of weight or force, must be attached, as a 
condition, the latitude of the place in which it is used. 

30. Representation of Forces. — Since a single force acting on 
a body produces rectilinear motion, the direction of a force and its 
quantity for any particular time may be represented by a straight 
line. 

In the straight line AB (Fig.l), let O represent the point at which a force be- 
gins to act (called the point of applieation), its line of action being either toward 

A or B. The direction of the force will be either O ^ , 

A or O B. Let us suppose the force which acts along B M o N ▲ 
O A to contain a certain number of units ; then froni Pig. i. 

O toward A, measure off O N, containing the same 

number of units of length, and the line O N will represent the force. O M, 
being equal to N, contains the same number of units of length, and represents 
an equal force, but acting in the opx>osite direction. This difference in direction 
is usually represented by the signs -f- and — , that toward A being positive, and 
that toward B negative. 

31. The resultant of two or more forces acting together is that 
% force the effect of which is the same as the combined effects of the 

different forces. The separate forces are called components. 

If there are two forces acting at O (Fig. 1) in the same direction along the 
line toward A or B, they will be equivalent to a single force containing as many 
units as both the forces together ; but if the forces act in opposite directions, one 
toward' A and the other toward B, they will be equivalent to a force containing 
the difference of their units, which will act in the direction of the greater force. 
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Thus, if a foroe of 6 units act at O toward A, and one of 8 nnits act at O toward 
B, the resultant will be a force of 8 units acting toward B. If the forces are equal 
and in opposite directions, the resultant is sero, and the body remains at rest 

32. Resultant of Two or more Forces. — ^When a bodj moTes 

from rest under the action of any number of 
forces, its motion is in the direction of their result- 
ant When two equal forces act upon a body in 
different, not opposite, directions, it moves in a 
straight line between them. 

Thus let the body A (Fig. 2) be acted upon simultane- 
ous!/ b/ the equal forces P and Q, and the resultant will 
be R, causing it to move between the directions of the 
Bei>arate forces. If at the same time a force S, equal to 
B, act upon the body in the direction A S, the body will 
remain at rest, as the forces are equal and in opposite 
directions. 

33. Parallelogram of Forces. — ^When two forces act upon a 
body in different directions, the resultant may be represented by the 
diagonal of a parallelogram of which any two adjacent sides repre- 
sent the magnitude and direction of the separate forces. This is 
called the parallelogram of forces. 

Thus let P and Q (Fig. 3) represent two forces acting at the point A along A P 
and A Q, respectively, and let A B and A C each contain a certain number of 




riR. 2. 





Fig. 8. 

units of length, equal to the number of units of force in P and Q respectively. 
Then at B and G draw the lines B D and D, respectively parallel to A Q and 
A P, thus completing the parallelogram A B D 0. Then the body will move over 
the diagonal A D in the same time that it would have moved over A B or A G 
under the influence of the forces acting separately, and A B is the resultant of 
the two forces. 

Experimental Proof*— Suppose H and K (Fig. 4) to be two pulleys with 
axles made as smooth and fine as possible. Let P and Q be two weights sua- 
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pended from fine and flexible threads^ which, after paesing over H and K, are 
fastened at A to a third thread A L, from which hangs a weight R. Let the 
three weights come to rest in the positions shown in the figure. Now the point 
A represents a body acted upon by three forces in equilibrium, namely, P, from 
A to H ; Q, from A to K ; and R, from A to L. Consequentl v, any one of them 
most be equal and opposite to the resultant of the other two. If now we meas- 
ure off along A H the part A B, containing as many inches as P contains pounds, 
and along A K the part A G, containing as many inches as Q contains pounds, 
and complete the parallelogram A B C D, it will be found that the diagonal A D 
IS in the line A L, and contains as many inches as R weighs pounds. Conse- 
quently, the resultant of P and Q is represented by A D. 

34. Resultant of Several Forces. — By the principle of the par- 
allelogram of forces, the resultant of any number of forces can be 
found by first finding the resultant of two, 
then of that and a third force, and so on. 

Thus let a body at A (Fig. 5) be acted rxpon by the 
forces P, Q, R, and S, and let them be represented by 
the lines A B, A G, AD, A £. First complete the par- K 
allelogram A B F C, and draw the diagonal A F, ^ 
which will represent the resultant of P and Q. Then 
complete the parallelogram A F G D, and draw the 
diagonal A 6, which will represent the resultant of 
P, Q, and R ; and proceed in the same manner with 
the other force, when it will be found that A H is the 
resultant of the whole. 
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35. Action and reaction are always equal and in opposite di- 
rections. 

In other words, the actions of two bodies on each other are always forces 
equal in amount and opposite in direction. This is a general law, and is equally 
true when the bodies are in motion and when they are at rest. The illustrations 
of its operation are numberless. In flying, the reaction of the air struck down- 
ward by the wings causes the bird to move upward ; a person in a boat pushes 
against the bank with an oar, and the reaction sends the boat in the opposite 
direction. The reaction of the ground causes the ball to rebound when it is 
thrown down. We could not walk but for the reaction of the ground on which 
we tread. 

IV.— SIMPLE MACHINES. 

96. There are six simple contrivances by means of which a cer- 
tain amount of power can be so applied as to move a much greater 
weight. These are simple machines, sometimes called mechanical 
powers. 
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pended from fine and flexible threads, which, after passing over H and K, are 
fastened at A to a third thread A L, from which hangs a weight R. Let the 
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A represents a body acted npon by three forces in equilibrium, namely, P, from 
A to H ; Q, from A to K ; and R, from A to L. Consequent! v, any one of them 
must be equal and opposite to the resultant of the other two. If now we meas- 
ure off along A H the part A B, containing as many inches as P contains pounds, 
and along A K the part A C, containing as many inches as Q contains pounds, 
and complete the parallelogram A B C D, it will be found that the diagonal A D 
is in the line A L, and contains as many inches as R weighs pounds. Conse- 
quently, the resultant of P and Q is represented by A D. 

34. Resultant of Several Forces. — By the principle of the par- 
allelogram of forces, the resultant of any number of forces can be 
found by first finding the resultant of two, 
then of that and a third force, and so on. 

Thus let a body at A (Fig. 5) be acted \ipon by the 
forces P, Q, R, and S, and let them be represented by 
the lines A B, AC, AD, A £. First complete the par- P^ 
allelogram A B F C, and draw the diagonal A F, 
which will represent the resultant of P and Q. Then 
complete the parallelogram A F G D, and draw the 
diagonal A 6, which will represent the resultant of 
P, Q, and R ; and proceed in the same manner with 
the other force, wlien it will be found that A H is the 
resultant of the whole. 

35. Action and reaction are always equal and in opposite di- 
rections. 

In other words, the actions of two bodies on each other are always forces 
equal in amount and opposite in direction. This is a general law, and is equally 
true when the bodies are in motion and when they are at rest. The illustrations 
of its operation are numberless. In flying, the reaction of the air struck down- 
ward by the wings causes the bird to move upward ; a person in a boat pushes 
against the bank with an oar, and the reaction sends the boat in the opposite 
direction. The reaction of the ground causes the ball to rebound when it is 
thrown down. We could not walk but for the reaction of the ground on which 
we tread. 

IV.—SIMPLB MACHINES. 

96. There are six simple contrivances by means of which a cer- 
tain amount of power can be so applied as to move a much greater 
weight. These are simple machines, sometimes called mechanical 
powers. 
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A machine is any oontrirance by means of which power can be applied to 
overcome resistance more advantageously than otherwise. Though the power 
is usually less than the resistance, or weight, the tuMrk applied to the machine 
is equal to that accomplished by it If a power of 10 pounds is made, through 
the intervention of a machine, to move 100 pounds, it nevertheless does a 
work equal to the 100 x>ounds, for it must be applied ten times as long, 
or must be repeated ten times. A man who can carry only 50 pounds can 
nevertheless transport a ton of coal of 2,000 pounds; but he must repeat his 
application of 50 x>ound8 forty times, in carrying successive loads ; and hence 
does a work equal to the resistance. A machine, therefore, does not create 
energy, it only enables us to apply it conveniently. 

The momentum of the power must be equal to that of the weight, in order to 
move it ; but momentum depends upon quantity of matter and velocity ; hence 
a power of 10 x>ound8 can be made to move a weight of 100 pounds by making 
its velocity ten times as great. The general law is : the power multiplied by its 
tdocUy M eqwd to the toeigM muUiplted by its velocity. 

37. The aix simple machines are the lever, the puileyp the wheel 
and axle, the inclined plane, the wedge, and the screw. 

38. The lever is an inflexible bar, straight or curved, resting on 
a fixed point or edge, called the /u/erum. 

The forces acting on the lever are the 
weighty or resistance, Q (Fig. 6), the power P, 
and the reaction of the fulcrum. Since these 
balance each other, the resultant of P and Q 
must act through C Ac and Be are called 
the arms of Hie lever. When the lever moves 
on the fulcrum, the velocities of the power 
and weight depend on their respective arms ; 
for Aa has the same ratio to Bb as Ac has to 
Be ; that is, if the arm Ac is twice as long as 
the arm Be, the distance (Aa) through which 
the i>ower moves must be twice as great as the 
distance (Bb) through which the weight moves 
in the eame time. Hence the velocity is twice 
as great Therefore, in the lever, the power 
iitothe weight in the inverse ratio of their arms ; i.e., the longer the arm Ac, the 
less the power, and the shorter the arm Be, the greater the weight. 

39. Levers are divided into three kinds, according to the posi- 
tion of the fulcrum with respect to the positions of the power and 
the weight. 

40. A lever of the first kind is one in which the fulcrum is be- 
tween the power and the resistance, or weight. 

A lever of this kind is represented in Fig. 6. The common steelyard is an 
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example ; also the balance, having equal arms, and the handle' of a pomp. A 
pair of soifisors and a carpenter's pincers are double levers of this kind. 

41. A lever of the second kind is one in which the resistance, 

or weighty is between the power and the fulcrum. 

Of this a wheelbarrow, a pair of nut-crackers, and a door are familiar exam- 
ples ; also the oar used in rowing a boat, the fulcrum being in the water, the 
resistance at the thole, and the power at the end held by the oarsman. 

42. A lever of the third kind is one in which the power is be- 
tween the fulcrum and the resistance, or weight 

In this, as the arm to which the weight is attached is longer than that to which 
the power is applied, the power must be proportionally greater than the weight. 
This lever is useful, not in aiding to overcome resistance, but in giving ease and 
agility to the movements of a body ; as in the forearm, in which the weight is 
at the hand, the fulcrum at the elbow, and the power at the moscles between 
them. The treadle of a lathe or a sewing-machine is another instance of its 
application. 

43. A compound lever is a combination of levers so arranged 
that the shorter arm of one may act on the longer arm of another, 
and so on to the end of the series. 

44. The pulley is a hard circular disc of wood or metal, in the 
edge of which is a groove, and which is made to turn freely on an 
axis in the center. Pulleys are either ^ec? or movable. 

45. A fixed pulley is one in which the stirrup, or block, is rigidly 
connected with some im- 
movable body, the axis of 
the grooved wheel, or sheave, 
rotating in the block, or 
stirrup. 

Such a pulley is seen in Fig. 
7. The rope which passes round 
the wheel supports a weight Q 
at one end, and the power is 
applied at the other. As the 
power moves no faster than the 
weight in this case, they must 
be equal, the only mechanical 
advantage being a change in the 
direction of motion, for it is 
usually easier to pull down- 
ward than to lift upward. The 
fixed pulley corresponds to a lever of the first kind, the fulcrum being at the 
axil. 
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46. A movablA pull«y ia one in whioh tiia weight is attached to 
the pulley and moves with it. 

Tbii fi Tepresented in Fig. 6. One end of the rope Is snependtid to a Bs«d 
point, and the weight <J is attached to tlio hook on which (he pnlle; acta. ThU 
oorreBpondg to a lever of the second kind, the fnlonun being at the fixed point, 
or at the extremity of the diameter of the wheel where the cord tonchea the oti^ 
oumference, the power anting at the other extremity, and the weight at the 
ceDter. Hence the arm of the latter Is twice that of the former, and therefore 
the power mnat be one-half the weight One-half the wuight is supported b; 
the Axed point, and tlie other half hy the power. The weight rises tlirough a 
distance eqaal to one-half the length of the cord drawn out by the power. 

47. When several pulleys are joined together on a common axis 

in a Bpecial sheath, which is fixed, and a rope 
passes i-ound all those, and also round a simi- 
lar combination of movable pulleys, this is 
called a blook and tackle. 

Snch a combination of three movable palteys ia 
represeuted in Fig. 9. The weight Q, which is at- 
tached to the hook common to the whole system, is 
supported by the six portions of the rope. Hence 
each of these portions will sustrin one-sixth of the 
weight ; and, consequently, the power applied at the 
free end of tlie rope which posses over the upper pul- 
ley will snpport one-sixth of the weight. Hence the 
weight may be six times as great ss the power. 

Other combinations of moTshle pulleys may be 
nsed, and the genernl law is that the weight u egual tc 
tlie poieer miilli}iied by liri^ Ou number of vuttaiU 
puUegi, Hence with five movablu pulleys a power of 
one pound will more a weight of ten pounds. 

48. Thewheel and axle consist of a larger 

and a smaller wheel firmly attached to each 

other, and moving on a common axis, the 

power being applied to the circumference of 

the larger wheel to overcome the resistance 

acting at the circumference of the smaller one 

*Fig. 9. (^^)- 

Thus the power P (Fig. 10) acts at the circnmfereuce of the large wheel at e 

to overcome the resistance of the weight Q, acting at b, both wheels moving 

round the common axis a. It will be obvious that this Is equivalent to a lever 

of the second kind, the fulcrum being at the axis, and the arms being tlie radii 
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of the two wheels. The relation of the power U 

pend on the relatiTO lengths of these radii, or 1 

the Buoe ratio. ThnB if the r«df ns 

of the wheel is Sve times u long 

■s that of the axle, « power of one 

pound will move a weight of Ore 

pounds. The windlass and tlie 

capstan are examples of this oon- 

trivauce. 

FreqnBntapplicatlonBof wheelt! 
of different diameters are met with 
• in which the motion of one wheel 
is transmitted to another, either 
by means of teeth, as in Fig. II, 
or bj bands paadng over the two wheels. In the Bgnre the power P moves the 
small-toothed wheel f, which turns the large-toothed wheel n, and moTee the 
weight Q, acting on the small wheel, or axle, b. There being ten teeth In llie 
wheel e, and fortjr in a, the former will perform four rotatioos to one of the latter. 
Trains of wheelwork are need not oul; in raising great weights b; the exer- 
tion of a small power, as in screw'jaclcB, craneii, etc. , but In clock and waloh work, 
and in all cases requiring a change in power, velocit/, or direction of motion- 

49. Inollnad Plane. — Thia is, as the name implies, mere^ a 
plane mrface at an; angle to the borizon. 

The properties and laws of the inclined plane maj be oonvenientlj demon- 
strated b; means of the apparatus represented in Fig. 13. B S represents a 
. smoothpieceof hard wood hinged 

at R, BO that it may be raised to 
anjr angle », measured b; the 
scale. To the roller a is attached 
a string which passes over a pul- 
ley to the scale-pan P. The line 
R S represents the lengti, S T the 
height, and B T the ba»e of the in- 
clined plane. The power in this 
case acts, as usaally, in a direction 
parallel to the plane, and passes 
over the whole length In order to 
lift the weight the distance S T. 
Hence the ratio of the weight to 
the power must be eqnal to that of the irngth to the height. 

In tlloBtrating this, we maj apply the parnllelogram of forces. Tlius let a b 
represent the vertical force of the weight. This can be resolved into two forces, 
tatead, aoUng perpendicularly to the plane, tlie other db, or itseqnal /ir, acting 
parallel to It. The former is counteracted by the reaction of the plane ; the latter 
lepresente the tendency downward that has to be counteracted by the power. 
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Henoe a b Kpresenta the weight, uid a c the power ; ud it oim he prored Uiat 
the nUie of abtoaeathe suns u R S to S T i thtt Is, u the length to the 

In most cues of the use of the Inclined plane, inch u In moving cuiiage* 
and wagons along roads, in raising caalcB into wigons or warehonses, the power is 
applied in a direction parallel to the plane. If applied at an angle with it, the 
force would ciHudit of two forces, of which the one parallel with the plane woold 
alone be operative. 

fiO. Wedge. — ^The form of the wedge is tbst of two inclined 

t^ planes placed base to baae. Its most frequent 

' ' use is in lifting timber, stone, etc Axes, nails, 

kniTes, etc, are constructed on ibe principle of 

the wedge. 

I The use of the wedge ie represented In Fig. 13. The 
line a b represents the bark at the wedge, the angle ae b 
the edge, and the faces a e and b c the lidet. The power 
P la UBoallj applied at right angles to the back ; and we 
maj consider the cohesion between the fibres of tlie wood 
as the resistance to be ovi-rcome, or tlie weiglit. The 
same law applies to the wedge ai to the inclined plane : 
the ratio of the power to the weight is eqnal to that of 
the back of the wedge to the length of either of its sidrs. 
Hence the sharper the wedge, tlie more effective is its 
action, It is very useful when very heavy weights are 
^.j_ j^ to be rused through a short distance, as in lannching 

ships and bracing columns and walls to the perpendicular. 
61. The screw may be conceived as an inclined plane wound 
around a cylinder, the length of the plane forming the thread, and 



the cylinder being the body. The hollow cylinder, supplied with 
reverse threads, in which the screw works, is called the nut. 

This relation of the screw and inclined plane will be rendered obvious by 
Fig. 14. If atriangnlarpieceof paper, nn^', be wrapped around the cylinder, the 
oircumferttnce of the base ol which is equal to tlie length of the base e f of the 
triangle, a scraw line will be formed, the pointa b, r, and d of the Inclined plana 
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corresponding to y, (f^ and (f of the screw. Figs. 16 uid 16 represent the screw 
and the nnt. 

In the use of the screw, it is ohyions that the power applied must perform 
one revolntion in order that the screw may be moved a distance equal to that 
between any two of the threads. A lev^r is 
usually employed in connection with the power. 
Hence, the ratio of the weight to the power is 
equal to that between the circumference of the 
circle in which the x>ower moyes and the distance 
between the threads. Therefore, the longer the ^»- ^^ ^^' *•• 

lever applied to the power, and the finer the threads of the screw, the greater the 
advantage gained by its use. 

52. Friction. — The surfiAces of bodies in contact are never per- 
fectly smootlL Even the smoothest present inequalities which are 
insensible to both sight and touch. Hence, when one body moves 
over the surface of another, the elevations of one sink into the de- 
pressions of the other, like the teeth of wheels, and thus offer a re- 
sistance to motion. This resistance is called /rich'on. 

53. Friction is of two kinds : siiding frlctiorip as when one body 
glides over another ; and roiiing friction, as when one body rolls 
over another, of which the ordinary wheel is an example. 

Friction is directly proportional to the pressure of the two surfaces against 
each other ; and, the pressure being the same, is independent of the extent of 
the surfaces in contact. It is diminished by polishing and smearing, but is in- 
creased by heat. As rolling friction is considerably less than sliding friction, 
it is a great saving of power to substitute the former for the latter ; as is done in 
the casters of chairs and other articles of furniture. Sometimes it is necessary 
to change rolling into sliding friction, as when drags are placed on carriage 
wheels. 

Without friction on the ground we could not walk or run, nor could railway 
can or any other vehicles be moved. Friction is necessary for the transmission 
of power from one wheel to another by means of bands or ropes, and without it 
we could hold nothing in our hands. 

v.— MOTION. 

54 Rectilinear Motion. — A body acted upon by a single im- 
pulsive force moves with a uniform rectilinear motion until stopped 
by some other force (Art 25). When acted upon by a continuous 
force, such as gravity, it moves in a straight line with a uniformly 
accelerated motion. 

Thus in Fig. 17, let the line A C represent equal intervals of time, A D, D E^ 
EF, etc.; and let PD, QE, BF, etc., represent the velocities acquired by a 
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morlng bod7 at the md of each; then the triuglei A P D, AQE, ABF, ete., 
wfU repreBsot the gpMea described in dtfferent portiona of time. Since Q E 
la equal to 2 P B, B F to 8 P D, etc., the mIcmUew 
are in proportion to tlu timet ; and since A Q E Is 
k equal t«4APD, AHF eqnal to&APD, ASQ 
eqnal to 10 A P D, f Jt« ^aet* deieribed are I'n propt»^ 
Hon to the iquara of Ot» Mmca, or to the aquam of the 
Teloalties acquired. Ahd the apaoea deicribed in equal 
anceealTe perloda of time are in proportion to the 
odd numberB I, 3, 5, 7, etc.. Increasing by a constant 
quantity ; while the velocities acquired at the end 
the numbsTS 1, %, 4, 6, 8, elo.> being in proportion to 
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of each second 



the times. 

65. Motion in a Circle. — A body moviiig in a circle muBt be 
acted upon b; two torcen, one drawing it to the 
center, called the ceniry^elal force; and the other, 
that by which it tends to move in a straight line 
from the center, called the centrifugal force. 

When a st«ne is whirled aronod In a sling, the cord 
that holds it to the center of motion represents the centrip- 
etal force ; and if the cord breaks, that force being sus- 
pended, the stone immediately moves in a str^ght line 
■way from the center ; and this straight line is a tangent 
to the circle in which the body was moving. 

The motions of the heavenly bodies in their orbits 
Illustrate this principle. Thns suppose a body moving in 
a circle to be at the point a (Fig. IB) ; and that, if acted 
upon by only one force, it would, in a certain interval of 
time, pass over the straight line ti b ; nrliile the centripetal 
force in the same time would bring it to e, in the direction 
a e. If these forces were both iuipulsive forces, it would 
pass over the diagonal a d ; bnt as the centripetal is a con- 
tinnoos force, deflecting It from tlie rtraight line at erery 
point, it describes the curve lui, and so on throughout the 
circle. But if the centripetal force should cease, it would 
Immediately resume its rectilinear motion in a tangent, 
lihe ab. 

Tlie operation of the centrifugal force may be itlos- 
trsted by means of numerous familiar experiments. If a "^' '"' 

p^l of water be anspended and caused to rotate, llie water wilt overHow. Large 
wheels and grindstoniw, when revolving very rapidly, often break, the piecia 
flying oR with great force and velocity. Where railways malie a short curve, 
the outer rt^l is laid higher than the inner, for the purpose of counteracting the 
centrifugal force. 
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VI.— THE PENDULUM. 

56. A simple pendulum consists of a heavy particle suspended 
by a fine thread from a fixed point, about which it oscillates without 
friction. 

The oscillation, or vibration, of the pendulum is caused by gravity and iner- 
tia, the former bringing it to the vertical position, and the latter causing it to 
pass beyond that position. 

The simple pendulum has only an imaginary existence ; the common pendu- 
lum consisting of a suspended weight is called a compound pend\dum. The sev- 
eral material points of such a pendulum tend to perform their oscillations in 
diiferent times, as they are at different distances from the axis of suspension. 
The length of a compound pendulum is that of a simple pendulum which would 
describe its oscillations in the same time. 

57. The center of suspension is that point of the axis which, 
when the pendulum is at rest, is vertically over the center of gravity 
of the body. (See Art 72.) 

58. The center of oscillation is that point at which the pendu- 
lum vibrates as if its whole mass were collected there. 

This point is farther from the center of suspension than the center of gravity, 
being below it. If a pendulum be inverted and suspended at a point at which it 
will vibrate in the same time as before, that point of suspension would be the 
former center of oscillation, and tice versa ^ the two centers being interchangeable. 
This was discovered by Huygens. The real length of a compound pendulum is, 
as will be obvious, the distance between the centers of suspension and oscillation. 

69. The time of vibration of a pendulum is directly proportional 
to the square root of its lengfth. 

Or, differently stated, the lengths of pendulums are in proportion to the 
squares of their times of vibration. That is to say, a pendulum of a certain 
length that will vibrate seconds, if one-fourth that length would vibrate half 
seconds. 

As the force of gravity differs at different parts of the earth's surface (Art 
29), the vibrations of the pendulum vary, and thus they become a measure of 
the force of gravity, arid in this way a means of determining the figure of the 
earth. 

It has been found that 89.13983 inches is the length of a simple pendulum 
whose time of oscillation at Greenwich is one second. 

Application of the Pendulum.— On account of the equality of the vi. 
brations of the pendulum it is used to regulate clocks. The manner of using it for 
this purpose is shown in Fig. 19. The pendulum rod passing between the prongs 
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of a fork a, communicatefl its motion to a rod &, which oicillates on a horizontal 
axis o. To this axis is fixed a piece fn n, called an e^eapetnentf having two projec- 
tions {pnUet$)f which work alternately with the teeth of the escapement whed k. 

In this manner the descent of the weight is alternately 
^^k^mi&tmSf^ arrested and permitted, that is, re-gitUited, by the pendn- 
U I^^^P^JmJ* ^"™'» and by shortening or lengthening the i)endulum, 

so as to hasten or retard its vibrations, the clock is made 
to go faster or more slowly. 

vn.— mpuLsivB forces. 

60. An impulsive force (Ai*t. 26) is called 
into play when one body strikes against another ; 
and it follows from the law of the equality of 
action and reaction (Art 35) that whatever force 
the first body exerts upon the second, the second 
will exert an equal force upon the first in the 
opposite direction. 

A force is in proportion to the momentum which it 
produces; hence equal forces produce equal momenta. 
Thus if two balls A and B (Fig. 20) be suspended from 
G and D, in the same horizontal line, by threads, in such 

a manner that their centers may be in the same horizontal line ; and if it be 

moved back to R and then allowed to fall 

against B, the former will move in the curve 

£ A F, and the latter in G B H ; the one, we 

will say, moving to r, and the other to k, from 

which data Newton demonstrated experimen- 
tally that the sum of the momenta of the two 

bodies is the same during the whole or any 

part of the time of impact. 

61. When two equal bodies, moving 
with the same velocity in opposite directions, come in contact, the 
force of the shock is equal to that which either would sustain while 
at rest, if struck by the other body moving with double the velocity. 

The effect of colliBion upon elastic and inelastic bodies is different, but the 
law of momentum holds good. If two inelastic bodies, as of clay, putty, or lead, 
be suspended by threads, and one of them be allowed to fall against the other at 
rest, a -part of the motion of the first ball will be communicated to the second, 
and both, after collision, will move on together, the quantity of motion (momen- 
tum) remaining the same. 

If a similar experiment be made with two elastic bodies, as of ivory, the 
moving body will communicate its motion to the other, and the first will remain 
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at rest, while the second will move forward with the momentam which the first 
ball had at the time of impact. 

And if a number of elastic balls of equal size be suspended side hy side in 
contact one with another, and one of them be allowed to strike against that next 
to it, its motion will be communicated iustantly to each ball in succession, and 
the last will move forward with the momentum of the first ball at the time of 
impact These statements presuppose the perfect elasticity of the balls. 



Vm.— WORK AND ENERGY. 

62. Work, in physical science, is the overcoming of resistance of 
any kind, either by causing or changing motion, or maintaining it 
against the action of some other force. 

A body at rest resists by its Inertia a change of state ; a body in motion re- 
sists the action of any force that tends to cause it to move with greater velocity, 
or in any other than a straight line. Any force that overcomes this resistance 
does work. 

This use of the term is in accord witli its familiar application. The mechanic 
and the laborer perform work only in overcoming resistance of various kinds, 
and in various ways, and with a greater or less degree of trained skill. The 
horse that draws a vehicle or carries its rider, and the steam-engine that drags a 
railway train or drives machinery, do work in this sense. 

63. Measure of Work. — The quantity of work performed is meas- 
ured by the amount of resistance overcome, which depends upon the 
two elements of weight and height 

To carry 100 bricks up to a scaffold 50 feet high requires twice as much work 
as to carry the same number 25 feet high, and four times as much work as to 
carry 50 bricks one-half the height. 

The idea of tijne does not enter into the conception of work. We do not ask 
how long the laborer has been at work, but how much work he has done — how 
many bricks, for example, he has carried to a particular height. 

64. The unit of work is the amount of force required to lift one 
pound to the height of one foot against the force of gravity. This 
is called £k foot-pound. 

This is not an absolutely invariable standard, since the weight of a pound dif- 
fers somewhat at different places. The French unit of work is the weight of a 
kilogramme raised to the height of a metre, and is equal to 7.24 English foot- 
pounds. 

65. Energy is the power of doing work. 

For example, in tlie case of the inclined plane, the energy of the power P 
(Fig. 12) is represented by P x R S, and it confers upon the weight W a quantity 
of energy equal to that expended, since the latter is raii>ed through a vertical 
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height equal to S T, and oould, by falling through the same distance, do the 
work represented by W x ST, which is equal to P x B S. 

66. The term work is sometimes used in a more extensive sense 
to signify the production of any kind of physical change. 

Thus work is said to be done when a body at a low temperature is raised to a 
higher temperature, in the same manner as when a weight is raised from a low 
to a higher level. Or, again, work is done when any electrical, magnetic, or 
chemical change is eifected. Hence energy might also be defined to be the 
poiPtr to prodttce any pliysieal change, 

67. Transformation of Energy. — When one kind of energy is 
expended, it gives place to another kind. 

This may be illustrated by the movements of the pendulum. In passing 
from the position of rest to tlie extreme limit of its oscillation, it expends the 
energy communicated to it ; but it then possesses, by virtue of its position, a 
sufficient amount of energy to bring it again to the i)eri>endicular, the work it 
performs being equal to its weight multiplied by the height through which it 
falls. Then it possesses an energy, by virtue of its acquired velocity, sufficient 
to carry it to the other limit of oscillation ; and thus these transformations of 
energy continually take place in succession. 

These transformations always take place according to fixed proportions. For 
instance, when coal or any other combustible is burned, its chemical energy, or 
power of combining with oxygen, vanishes, and heat, or thermal energy, is 
produced ; and the quantity of heat produced by the combustion of a given 
amount of coal is fixed and invariable. 

68. Conservation of Energy. — As long as any system of bodies 

is not acted on from without, the total quantity of heat that can be 

obtained from it is unalterable by any changes which may go on 

within the system itself. 

For instance, a quantity of air compresspd into the reservoir of an air-gun 
possesses energy which is represented partly by the heat which gives to it its 
actual temperature above the absolute zero, and partly by the work which the 
air can do in expanding. When the air propels the bullet from the gun, the 
heat produced is partly represented by the energy of the moving bullet ; and 
this heat reappears in the friction of the bullet against the air, and by its strik- 
ing against an obstacle that stox)S its motion. Whatever tlie mode in which the 
energy of the compressed air is converted into heat, the total quantity remains 

the same. 

Thus the conservation of energy is ocjuivalent to the conservation of motion, 
since heat, as will be shown further on, is conceived to be only ** a mode of 
motion." 
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SYNOPSIS FOR REVIEW. 

I. — General Primcipleh : 

1. P^y^^-Physid phenomena: {I: ^^^^ 

3. Matter— 

1. Atoms and molecules. 

2. States 



( 1. Solids, 
of aggregation : < 2. Liquids. 

(3. Oases. 

n. 

Uions : •{ 2. 
(3. 



Physical law. 
3. Definitions : •{ 2. Physical theory. 

Physical agents. 

II, — PiioPEiiTiBS OF Bodies: 

(1. Extension. 2. Impenetrability. 3. Di- 
ertia. 
2. Specific Properties, 

III, — Force, Equilibriuh, and Motion : 

1. Force: 1. Momentary, or impalsive. 2. Continuous. 

2. Vdoeity : 1. Uniform. 2. Variable. • 

3. Uniform Motion: 1. Rectilinear. 2. Guryilinear. 

4. Momentum. 5. Me^wn-e of Force. 6. We^ht. 

7. Beifdtant .* 1. Of one force. 2. Of two or more forces* 

8. AcUon and Reaction. 

IV. — Simple Machines, or Mechanical Powers : 

1. General Law of 

2. Deeeription of— 

1. Lever : 1. First kind. 2. Second kind. 8. Third kind. 

2. Pulley : 1. Fixed. 2. Movable. 

3. Wheel and axle. 

4. Inclined plane. 5. Wedge. 6. Screw. 

3. Friction: 1. Sliding. 2. Rolling. 

V. — Motion : 

1. BectUinear, 

2. Uniformly Accelerated — Law of. 

3. In a Circle. Centripetal and centrifugal forces. 

VI. — Pendulum : 

1. mnit,on.nulDe^ipUon:\l ^^^^f^X^,^, 

2. Centers of Svspefution afid OsctUation. 

3. Law of Vibration. 

4. Application. 

Vn. — Impulsive Forces : 

1. Definition. 

2. Imw of Action. 

Q ci#v^ ^^rw/.--.v.« . i 1- O^ two elastic bodies. 

3. Wect of CoUmon : j g ^^ ^^^^^^ ^j^^.^ j^^.^ 

vm.— Work and Energy : 

1. Work: 1. Measure of. 2. Unit of. 

2. Energy: 1. Transformation of. 2. Couservatioii oft 
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APPLICATION OP PRINCIPLBS. 

L Are the foUoioing mechanical or chemical phenotnenaf 1. The oonvenion of 
water into eteaxn ? 2. The melting of ice ? S. The diasolvin^ of sngar in water ? 4. 
The burning of wood ? 5. The rising of smoke in the air ? G. The rusting of iron ? 
7. The fslling of snow ? 8. The boiling of water ? , 

II. What prominent general property or properties has — 1. Sponge ? 2. Lead ? 
S. Steel r 4. Air? 5. Water? 6. India-rubber? 7. Gold? 8. Ivory? 

IIL Xxplain — 1. The difference between a solid and a liquid. 2. The difference be- 
tween a liquid and a gas. S. The rising of water in a vessel when a solid body is im- 
mersed in it. 4. Why the volume of a mixture of alcohol and water is less than the 
sum of the volumes of the alcohol and the water. 5. Why water can be forced through 
gold. 6. Why a ball of ivory or glass rebounds when it falls upon a hard surface. 7. 
Why a rider is thrown over his horse's head when the horse suddenly stops. 8. Why a 
stone thrown obliquely in the air rises and falls in a curve. 9. Why a body weighs less 
at the equator than at a place nearer the poles. 10. How a bird is enabled to mount in 
the air, and a swan to propel itself in the water. 11. Why a boat moves in the opposite 
direction when the oarsman pushes against the bank with his oar. 12. How a small 
power can be applied so as to move a great weight 13. Why a lever of the third kind 
requires a greater ^wer than the weight. 14. What kind of lever the forearm is when 
lifting a weight held in the hand. 15. Of what use casters are as applied to heavy 
tables, etc. 16. How friction enables us to walk. 17. Why a book remains upon a 
sloping desk, while a pencil rolls off 18. Why a grindstone sometimes flies into pieces. 
19. Why water overflows in a rotating vessel 20. Why a billiard-ball when striking 
against another sometimes stands still, while the other moves onward in the same direc- 
tion. 21. Why, when a billiard-ball strikes against the cushion in one direction, it 
rebounds in another. 22. Why energy cannot be destroyed. 23. What causes the os- 
cillations of a pendulum. 24. Why a marble will roll farther on a bare floor than on a 
carpet. 25. On what principle the pendulum is used to regulate docks. 26. Why a 
body falls to the earth with its heavy side foremost. 27. Why two plumb-lines cannot 
be exactly parallel. 28. In what way a crowbar may be used so as to bo a lever of the 
second kind. 20. In what way to become a lever of the third kind. 30. Why two 
forces are required to cause a body to move in a curve. 

PROBLEMS FOR EXERCISE. 

1. What is the momentum of a cannon-ball weighing 25 pounds and moving with a 
velocity of 350 feet a second ? 

2. What is the momentum of a railway train weighing 250 tons, moving at the rate 
of 30 miles an hour ? 

3. A body moving with a velocity of 250 feet a second has the same momentum as 
another weighing 150 pounds that is moving 300 feet a second. What is the weight of 
the former ? 

4. A boat is rowed at the rate of 3 miles an hour across a stream in which the cur- 
rent moves at the rate of 5 miles an hour, the head of the boat being kept directly 
toward the opposite bank. Represent by diagram the direction of the boat, and find 
how long the boat will be in crossing. 

5. A body falls from the topmast of a i^hip 00 feet high while the ship moves forward 
20 feet. Draw a diagram showing the direction iu which it Mrill fall, and find the 
length of the line. 
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d The leogih of a lerer is 5 feet, the weight to be moved 200 pounds, and the ful- 
cmm is 18 inches from the weight. What power is required ? 

7. How long must a lever be, with one end resting on the ground as a fulomm, in 
order to push forward a weight of 500 pounds, which presses sgainst the lever six inohea 
from the fulcrum, the moving power being equivalent to 50 pounds ? 

K. The circnmferenoe of a wheel is 9 feet ; that of the axle 15 inches. What powei 
acting on the wheel will move a weight of 150 pounds applied to the axle ? 

9. If the capstan of a ship is 9 inches in diameter, and the circle described by the 
handspikes 10 feet in diameter, what power is exerted in raising an anchor that weighs 
8,500 pounds ? 

10. With a system of five movable pulleys, what power is required to move 1,000 
poimds? 

11. An inclined plane is 900 feet long, and its perpendicular height is 10 feet. What 
power acting parallel to the plane will draw 2,500 pounds ? 

12. A weight of 2,000 pounds is held in the middle of an inclined plane 12 feet high 
by a power of 150 pounds. Required the distance it has to be drawn to the top. 

13. What resistance does a nut offer when placed in a pair of nut-crackers at a dis' 
tance of three-fourths of an inch from the joint, if a pressure of 5 pounds applied at a 
distance of 4 inches from the joint is just sufficient to crack it ? 

14. What power is applied by means of a screw with threads one-half inch apart, 
if driven by a lever 4 feet in length, if it overcome a resistance of 5,000 pounds ? 

15. What power is required to raise a cask weighing 6 hundredweight into a cart 8 
feet high along a plank 12 feet in length ? 

16. If a horse can move 80 hundredweight along a level road, what can it move up a 
road the inclination of which is 1 foot in 80 feet, tiie amount of friction being equal to 
one-tenth of the power ? 

17. How long must a pendulum be to vibrate once in 2 seconds ¥ How long to vi- 
brate once in one-fourth of a second ? In 1^ second ? 

IS. If two pendulums are, respectively, 16 inches and 86 inches in length, how do 
their times of vibration compare ? 

19. What is the length of a pendulum that will vibrate five times in three seconds ? 

20. The distance between two consecutive threads of a screw being one-fourth of an 
inch, and the length of the lever used to turn it being 5 feet, what resistance will be 
overcome bj a power of 2}{ pounds ? 

21. If one of two forces acting on a body be equal to 6 pounds, and the resultant the 
same, the direction of the latter being at right angles to the former, what is the magni- 
tude of the other force, and the direction in which it acts ? 

^. Of a series of cog-wheels, the radii of the first wheel and axle are as 5 to 1 ; of 
the second, as 7 to 8 ; and of the third, as 8 to 1. What weight will be sustained at the 
axle of the third wheel by a power of 15 pounds applied at the circumference of the 
first? 

28. If the strength of a man is sufficient to enable him to lift a weight of 100 pounds 
a perpendicular height of 4 feet, what weight can he draw up an inclined plane 12 feet 
long, and having a perpendicular height of 4 feet ? 

24. How many pulleys must be combined in order that a power of 150 pounds may 
overcome a resistance of 8 tons ? 

25. A load of 2 tons is to be moved up an inclined plane by a power of 100 pounds. 
What moat be the ratio of its length to its perpendioular height ? 



CHAPTER IL 



GKAVITATIO:^ AND MOLECULAR ATTRACTION, 



I.— UNIVERSAL GRAVITATION, GRAVITY, AND EQUILIBRIUM. 

69. Universal gravitation is a force by virtue of which all bodies 
incessanilj tend to approach each other. 

The attraction between any two bodies is the resultant of the attraction of all 
the molecules of one upon those of the other. 

70. The law of universal gravitation may be thus stated: All 
bodies attract all other bodies with a force directly in proportion to 
their mass, or quantity of matter, and inversely as the square of 
tlieir distance from one another. 

To illustrate this we may take the case of two spheres, which, owing to their 
symmetry, attract each other as if their masses were concentrated in their centers. 
If, without other alteration, the mass of one sphere were doubled or tripled, the 
attraction would be doubled or tripled ; and if one were doubled and the other 
tripled, the attraction would be increased six times ; but if the distance were 
doubled or tripled, the attraction would be reduced to one-fourth or one-ninth — 
that is, the square of one-half or one-third. 

The law of universal attraction was discovered by Sir Isaac Newton. A 
vague idea of the tendency of tlie matter of the earth and stars to a com- 
mon center was entertained in ancient times by Democritus and Epicurus. 
Kepler assumed tlie existence of a mutual attraction between the sun, the 
earth, and the other planets ; and Bacon, Galileo, and Hooke recognized 
the existence of universal attraction. Newton, however, was tlie first to 
establish the great law that binds the whole universe of matter together.* 



* Newton did not regard the attraction of gravitation as an esueniitil property of 
matter^ but only as a secondary phenomenon due to an unknown cause. *^ The reason 
of these properties of gravity," he said, ** I have not, as yet, been able to deduce, and I 
frame no hypothesis.'* And he also said: '*It is inconceivable that inanimate bmte 
matter should, without the mediation of something else which is not material, operate 
npon and affect other matter without mutual contact, as it must do, if gravitation, in 
the sense of Epicurus, be essential and inherent in it." All the great physicists of New- 
ton^s time, although they could not deny the truth of the law as a phenomenon, repa- 
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Sinee Newton's time the aotual Utrkction of bodies hu been exjwrimeiitAlly 

71. Gravity, or terrestrial graritation, is the tendency of erery 
body to bll toward the center of the earth, due to the mutual attrac- 
tion of the earth and body. 

Aa bodies tend to the center ot the earth, an ezftct perpendicular or vertiokl 
tine is determined bj s plmitti-iitie (a line with a piece of lead (jtlnaibum) attached 
to it). 

B; obmrvatlons on the direction ot the plnmb-line when deflected from the 
Turtical position by the attraction of some great mass of matter in the vioinity, 
the density of the earth has been calculated. Thus Dr. Maskeljne found the de- 
flection caused by the mountain Scheliallii^ii, in Scotland, vas about 6" : and from 
this computed that the mean density of the earth a about fire times that of water. 

72. The center of gravity of a body is that point about which 




Tlg.II. 



Fig. 9S. 



all the parts of the body balance each other, so that when that point 
is supported, the whole body is supported. 

It is tliat point of a body throiigli wliicli tliu resultant of the attracting forces 
between the earth and its several molecules always passes. 

dialed it ai ■ ■tatement of an inherent force in matter ; and distiDgaiibed modem phjsi- 
dit* hold that " there in no other kind of force than preuure by contact of one body 
witfa another." Hence sereral hfpotheMs bave been invented to aocoaut for this phe- 
uomeDDn of gravitation, amonji which is the eiiitence of a nniveraal flaid, to whaae 
movementa the apparent mntnal attractions of t>adiei are doe. 

■ "Cavendiah, by means of a very sensitive torsion-batanoe, showed that two large 
■pherea of lead eieraised a seniible attraction apon two arnaU ipherea, and was able to 
meaann the amount of this attraction so precisely as to deduce, from the comparison 
ot it with the earth's attraotitln, that the mean speciflc gravity of the earth is S.5." 
(See Art. 71.) 
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In ord«r to determine expurimenully the center of grttvitj of % bodj, snipetiil 
it b; a Ftring in two posltlonB, u slioirn in FigB. 31 and 23. Kow, m the bodj is 
supported in each pOHition, the center of gravity muBt b« in each of the lines of 
direction A B and C D of the string, and therefore muat be at their point of inter- 
section. 

73. The line of direction is a vertical line that passes through 
the center of grsTity . When tbia line is within the baae of a body, it 
will be supported ; but when it is without the base of the body, it 
wiUfaU. 

The famons leaning lover of Pisa continues to stand becauBs the line of direc- 
tion passes within it* base. On this principle, it IB easier tor uB to stand on our 
feet than on stills, because, in the latter ca«e, the stiglitest itaovemenl is Bufficient 
to cause the tine of direclion to pMW beyond the base. When standing on one 
foot, or in any other unusual posture, we have to move the body in such a way 
that the center of gravity may bo supported. 

74 The center of gravity constantly tends to occupy the lowest 

IKissible position ; consequently, its state of equilibrium ia stable only 

when the center of gravity is as near as possible 

to the plane on which it rests. In other positioDs, 

it is either unslable or neulrai. 

When a body is in a position of stable equilibrium, the 
slightest change in its ]>oHitiou muBt elevate tlie center of 
gravity, which will descend again as soon as permitted. 
Tlie pendulom coutiiiually oscillates about its position of 
stable equilibrium, and an egg on a level table is in this 
state when its long axiH Is horliontal. An tllastration of 
this principle is afforded in Fig. 23. A small figure cut in 
ivory is made to stand on one foot at the top of a pedestal 
by being loaded with two leaden balls it b, placed sulK- 
ciently low to throw the center of gravil^ g of the whola 
compound body below ^le foot of the flgiire. After tfeine 
disturbed the little figure oscillates like a pendulum, hav- 
ing its point of suspension at the toe, and its center of 
gravity at a lower point g- 

75. A body is said to be in unstable equilibrium when, after the 
slightest disturbance, it tends to depart still more from its original 
position. 

A body is in this Btate when its center of gravity is vertically above the point 
of support and higher than it would be in any adjacent position. Au egg stand- 
ing on its end, or a Ktick balanced upright on the finger, is in this state. 

76. The state of equilibrium of a body is said to be neutral when 
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any change to an adjacent position neither raises nor lowers ita 
center of gravity. 

A aphere or a cylinder retting on a horizontal planv is iii thin lUte. It is lite 
tendency of the center of gravity to descend toa lower poaltioQ that caua»« bodies 
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of theae or similar fomiK to roll down an inclined plane. In Fig. 24, the three 
cones, A, B, C, are placed ri^|H«tiyely In MaMe, uiistalile, and neutral equilib- 
rium upon a horizontal pUne. The letter if ii> each sliows tlie position of tbo 
center of gravity. 




77. Th« balance ia an iiiBtrument for determiniDg the relAtive 
weights or masses of bodie& There are many varieties. 

The ordinwy balance (Pig. 3fi) conaisU of a lever of the Brat kind, called the 
beun, ui n, witli itH fulcrum in the middle. At the extremities of the beam are 
auipeuded two scate-pans, P and Q, one intended to receive the object to be 
Aeiglied, atid the other the counterpoise. The ful- 
crum coiiHiatit of a nteel prism o, commouly called a 
IcHiff-eilgr, vhicli passea through the beam and rests 
with ila aliarp edge, or iixM of iiitptntion, iipou two 
■upporta. Theise are farmed of »gBt«, in order to 
diminish the friction. A needle or pointer is fixed to 
the beam, and oHcillates with it in front of the gradu- 
ated arc '( ; and when the l>eam is perfectly horizontal, 
the needle points to the zero of the graduated arc. 
The scales are Bunpendtd from hooks at »« and n rest- 
ing on sharp edges, to that llie length of the arms » o 
ni u may remain exactly equal during the process of 
weighing. 

Balanoes are cunslrueted with great care, and with 
many ingenious appliances to promote delicacy or 
accuracy. Tlie Hensitivenees of a balance used In 
chemical analysis is such that, when charged with two 
pounds in each wale, the fiftieth part ol a grain in 
either scale would cause a perceptible deflection o( the 

78. Fallins Bodies.— Since a body IbIIb 
to the ground in consequence of the earth's 
attraction acting upon each of its tnolecules, 
it foUows that all bodies, large and small, light 
and heavy, ought to fall nitU equal Teloci^. 
In a vacuum, or space without air, this is 
really the case, and a stone falls with the same 
rapidity as a feather. 

To demonHlrate tliis by experiment, a glass tube 
about two yards long (Fig. 30) is ns^'d, having one of 
its ends completely ctoseil, and a brass cock fixed to 
the oilier. After placing bodies of different weights 
(featliers, pici'es of lead, pa]ier, etc.) into the tube it 
~^ ^ is exhausted of itit air, and then the tube being re- 

versed, the substances In it are seen to fall with equal 
velocity, all reaching the other end of the tube at the same time. In a vacuum 
liquids fall like solids, without Hepsration of their moltcules ; while, ordinarily, 
owing to the resistance of the ur, tliey are broken Into drops. 
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79. As a body under the influence of gravity foils with a uniform- 
ly accelerated motion, it obeys 
tiie law already explained. 
(Art. 54.) 

The f orr* of graTity near tlie sur- 
face of till' earth is such that a bixiy 
falls Id the first Btrcond of Urae 
through a little orei 16 feet (16.08 
feet). Hence tn the uext eecond It 
will fall through three times that 
Bpace, In the third second Ave times 
the space, and BO on. The spaces 
pasiied over teing in proportion to 
the squares at the times, in two 
seconds the body dill fall through 
fonr timea 1(1.08 feet, in three 
seconds nine times, and u> on. 

From Uie principles explained in 
Art. 54 ire deduce tlie fnlloiring 
rules for folding problems pertaining 
to failing bodies, leaving ont of con- 
sideration the resistance of the air : 



'f' 



Time = Vspace V18.O8. 

Space = Time squared » 1(1.08. 

Velocity := Time x 32.16. 

Several inMrumeuts have been 
invented for illustrating andexperi- 
mentallj verifying the laws of fall- 
ing bodiea. Qalileo, who discovered 
these laws in the early part of 
tlie seventeenlh century, illustrated 
them by means of bodies falling 
down inclined planea. The great 
ohjert of snch instruments is to 
diminish the rapidity of the fall of 
bodies without altering the charac- 
ter of their motion, so that the latter 
may be lietler observed, ond moy be 
less modifled by the resistance of the 
air. ' 

AtWOOd's maohlne, repre- 
sented In Fig. 37, consists of a stont 

pillar of wood about 2{ yards iiigli, ^' 

at the top of which is a brass pulley, the axle of which rests and torna apon 
fonr other wheels, called/nc<K>n icheelt, because they serve to dimiuish friction. 
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Two eqaal weights M and H' are attached to the extremitieB of a fine silk 
thread, which passes round the pulley. A time-piece, H, fixed to the pillar is 
regulated by a seconds pendulum, P, so arranged that, by means of the lever D, 
it removes the support of the small plate f, and lets the weight M fall. But 
this weight being counter-balanced by the equal weight M', is caused to move 
slowly by the small overweight m, and its motion is indicated by the scale Q, 
divided into feet and inches. The plates A, A', C, C, and the rings B, B' may 
be fixed by screws at any part of the scale. The plates arrest the descending 
weight M, but the rings only arrest the bar or overweight m, which causes the 
motion ; so that, after passing through them, the weight M, in consequence of 
its inertia, will move on uniformly with the velocity it has acquired on reaching 
the ring. If M or M' weighs 7| ounces, for example, and the bar m weighs only 
1 ounce, then, while if left to fall freely, m would pass through 16 feet in the 
first second, it will, when placed on M, only pass through 1 foot, because it has 
sixteen times as much matter to move (7^ + 7^ -f 1 = 16). The ratios of time?, 
spaces, and velocities, however, will be exactly the same. 

To operate the instrument, place the hand of the dial iNOiind the zero jraint, 
and adjust the lever D to support the plate t', with the weights M and m resting 
on it. Tlien put the pendulum in motion, and as soon as the hand reaches zero, 
the plate will fall, and the weights will descend. The stop-plate A, after a few 
trials, can be so placed that the weights will reach it exactly on the expiration of 
a second ; then remove it, and put the ring B in its place, which will stop only 
the overweight ?/?. In a similar manner place the plate C for two seconds ; then 
it will be obvious that the weight m being stopped at B, the weight M will pass 
over B C, exclusively by its own inertia, and thus B C will indicate the velocity 
of the falling body at the expiration of one w^oond. Other experiments similarly 
exhibit the velocities and spaces for two or mort* seconds. 

80. Ascending Bodies. — Wheu a body is thrown peii>eiidicu- 
larly upward with any velocity, it will rise against the force of grav- 
ity to that height from which it will fall to the earth with a velocity 
equal to that with which it started. 

Suppose a body were projected upward with a velocity of KM). 8 feet a second ; 
as it acquires a velocity of 32. 16 feet in one second, it would require five seconds 
to acquire 160.8 feet in falling freely from a point above the surface of the earth. 
Hence it will continue to ascend during five seconds, and will ri.<»e to the height 
of 402 (16.08 X 25) feet. In this statement no allowance is matle for the resist- 
ance of the air. 

81. Projectiles. — Any body, such as a stone or a cannon-ball, 
thrown at any angle to the horizon is a j^rojectile. The horizontal 
distance between the point from which it is thrown and the point at 
which it falls is called its range^ or random ; the line wliich it may be 
conceived to describe, its path. 

Independently of the resistance of the air, the greatest range is attained wheu 
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a body is thrown at an angle of 4o^ ; but, practically^ owing to that resistance} 
the angle is 40'. The path of a projectile is that kind of curve known as a 
paradoiiL 

The projectile force does not affect the action of gravity on the body ; for, if 
it be projected horizontally, it will reach the ground in the same time which it 
would have required if dropped perpendicularly from the same height. 

II.— WEIGHT. 

82. Weight is the measure of the effect of gravity acting upon a 
boSy. (Art 29.) 

As the attraction of the eartH is exerted upon every one of the , constituent 
molecules of a body, it must vary with the mass, or quantity of matter. That is 
to say, if one body has twice the mass of another, its weight will be twice as 
great. Tlius the weight of a body becomes a measure of the quantity of matter 
which it contains. It is true the attraction between the earth and the body is 
mutual, but the effect of the body*s attraction upon the earth is inconsiderable. 

83. The weight of a body varies with its distance from the center 
of the earth, both above and below the surface, but in different pro- 
portions. Above the surface it varies inversely as the square of its 
distance from the center ; but below the surface, it varies directly 
as the distance. 

m 

Thus, taking the distance of the center of the earth from its surface as 4,000 
miles (which it is nearly), a body that weighs a pound at the surface, would 
weigh, at an elevation of 1,000 miles from the surface, about 10^ ounces. For 
the distances from the center, in that case, are 4,000 miles and 5,000 miles, or 
as 4: 5, and the squares, 16 : 25. Hence the inverse ratio would be }«, and }J 
of 16 ounces is equal to lOi ounces. 

But if the body could be sunk 1,000 miles below the surface, its weight would 
be three-fourths of a pound, or 12 ounces, because the ratio would be as 4,000 to 
8,000, or as 4 to 3. 

The second case looks like an exception to the law of universal gravitation, 
but it is not. The difference arises from the fact that, when a body is below the 
surface of the earth, it is acted upon by the attraction of a smaller sphere, since 
it is only the sphere bdoio that affects it. Thus if it were 1,000 miles below the 
surface of the earth, the radius of the attracting sphere would be 8,000 miles, 
the hollow shell above having no attracting effect, or rather the attractions of its 
different parts neutralizing one another. But spheres are to each other as the 
rul>es of their radii, and as the weight varies inversely as the squares of the 
distances, or radii, the resulting ratio is directly as the distances themselves 
(8« X 4» : 4* X 3» = 4 : 8). 

84. Gravity or weight is affected by the form of the earth and 
its axial rotation. 



40 PHYSICS. 

The earth not being a perfect sphere, but flattened at the poles, the weight of 
a body will be greatest at the poles, and least at the equator. Grayity is sis 
greater at the former than at the latter. 

By the action of the centrifugal force (Art. 55), which causes a slight tendency 
of bodies to fly off from the surface of the earth with which they are revolving, 
gravity is also diminished. At the equator the loss of weight due to this cause is 
equal to ^^. The combined effect of both these causes is to make the effect of 
gravity at the equator less by about rii of its value at the poles. 

in.— MOLECULAR FOBCES. 

86. Molecular attraction is the force which tends to bring the 
molecules of a body together. It is called, according to the circum- 
stances under which it acts, cohesion, affinity, or adhesion. 

Molecular attraction is exerted only at indefinitely small distances, its effect 
being inappreciable when the distance between the molecules is appreciable. 

The various phenomena which bodies present show that their molecules are 
under the influence of two contrary forces, one tending to bring them together, 
the other to separate them. The latter is due to the moving force which the 
molecules themselves possess. It is the mutual relation between these forces — 
the preponderance of the one or the other — which determines the molecular 
state of a body, whether it be solid, liquid, or gaseous. (Art. 4.) 

86. Cohesion is the force which unites adjacent molecules of the 
same nature ; for example, molecules of water or of iron. 

Cohesion is strongly exerted in solids, less strongly in liquids, and scarcely at 
all in gases. It varies with the temperature and the arrangement of the mole- 
cules. Heat, by increasing the moving force of the molecules, diminishes the 
cohesion. Tlie tempering of steel changes the molecular arrangement, and in- 
creases cohesion. 

In large masses of liquids gravity overcomes cohesion ; in small masses cohe- 
sion prevails. Hence the spherical form of drops of rain or dew. 

The force which is exerted between molecules not of the same kind is called 
chemic4d affinUy. Tlius while cohesion binds together the molecules of water, it 
is chemical affinity which unites the two elements, oxygen and hydrogen, of 
which the water is composed. 

87. Adhesion is the molecular attraction exerted between the 
surfaces of bodies in contact. 

1. Adhesion takes place between solids. If two leaden bullets are cut with a 
penknife so as to present two equal polished surfaces, the two faces when pressed 
together will firmly adhere to each other. Tlie same experiment may be made 
with two equal pieces of glass polished and made plane. This is due to adhe- 
sion, which does not essentially differ from cohesion. 

2. Adhesion also takes place between solids and liquids, and is stronger than 
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between solids. Thus if, in the above experiment, a thin layer of oil is inter- 
posed between the plates, they adhere firmly ; but, when pulled asunder, eacli 
plate is found to be moistened by the oil, showing the stronger adhesion of the 
latter. 

3. Adhesion operates also between solids and gases. If a gin: s or metal plate 
be immersed in water, bubbles of air will rise to the surface, which must be due 
to the layer of air which covered the plate previous to immersion. 

Writing and drawing with pencil or chalk depend on the adhesion of solids. 
These are readily erased, because the adhesion is only on the surface ; while, in 
writing with ink, the liquid penetrates into the pores of the substance, and car- 
ries the solid coloring matter with it, which is left in cohesion with the particles, 
when the ink evaporates. 

IV.— PROPERTIES PECULIAR TO SOLIDS. 

88. The specific properties of solids are elasticity, tenacity, duc- 
tility, TnaUeability, and' hardness. 

89. While elasticity is one of the general properties of matter, it 
exists in solids in certain special forms — the elasticity of traction, the 
elasticity of torsion, and the elasticity oi flexure, 

Tlie elasticity of traction is exhibited when rods or wires are made to support 
weights ; that of torsion, when a weight is suspended by a wire, and the latter 
after being twisted untwists itself. The elasticity of flexure is seen in watch 
and carriage springs, spring-balances, etc. Bodies of different materials vary 
greatly with respect to these properties. 

The torsion balance is a delicate instrument designed to measure minute 
forces. It consists of a metal wire from which is suspended a metal sphere 
having an index or pointer connected with it, which moves round on a circular 
graduated plate beneath. The force required to turn the index from its position 
of equilibrium through a certain angle, called the an(^ of tonion, is called the 
force of torsion. (See Art. 319.) 

90. Tenacity is the resistance which a body opposes to the total 
separation of its parts. 

Ordinary tenacity is determined in different bodies by forming them into 
wires, and ascertaining the weight required to break them. 

Tenacity is directly proportioned to the breaking weight, and inversely as the 
area of a transverse section of the wire. Thus, if of two wires one breaks with 
a weight of 26 pounds, and the other with 50 pounds, while the area of a trans- 
verse section of the first is one-fourth that of the second, the tenacity of the first 
is twice as great as that of the second, being as 25 x 4 : 50 x 1 or as 2:1. 

Of all metals cast-steel has the greatest tenacity. But fibers of unspun silk 
and cotton possess this property in a still higher degree. Cotton fibers will sup- 
port millions of times their own weight. 
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Tenacity also varies with the form of the bodjr. A cylindrical body has 
greater tenacity than a square one of the same size, and a hollow cylinder more 
tlian a solid one ; and this is true both as to its resistance to a crushing weight 
and to that of a drawing force. Hence, the bones of animals, the feathers of 
birds, and the stems of plants are of the latter form. Tenacity diminishes 
rapidly with an increase of temperature. 

91. Duotiiity is the property in virtue of which bodies can be 
drawn out in the form of wire. 

Bodies have very different degrees of this property. The most ductile metal 
is platinum. WoUaston obtained a wire of it only .00003 of an inch in diam- 
eter. A mile of such wire would have weighed but little more than a grain. 

92. Malleability may be considered as a modification of duc- 
tility, exhibited by bodies on being hammered into thin plates. 

Both malleability and ductility depend upon the property in virtue of which 
certain bodies cliange their forms through the effect of pressure or traction. The 
most malleable metal is gold, which has been beaten into leaves about the one 
three-hundred-thousandth of an inch thick. 

93. Hardness is the resistance which bodies offer to being 
scratched by others. 

The diamond is the hardest of all bodies, for it scratches all, and is not 
scratched by any. Metallic alloys are harder than the pure metal. Hence in 
coinage and the manufacture of jewelry, gold and silver are alloyed with copper 
to give additional hardness. 

By sudden cooling after being raised to a high temperature, many bodies be- 
come very hard. This is called tenqyering. All cutting instruments are made 
of tempered steel. 

The resistance of a body to compression does not depend upon its hardness. 
Wood offers far greater resistance to the blow of a hammer than the diamond or 
glass, although the latter is very much harder. This is due to the property 
called toicghness in the one, and to that named hritUenestt in the other. 

A body can be made to cut others much harder than itself, by causing it to 
move with great velocity. A disc of wrought-lron rotating rapidly will cut into 
the hardest substances, such as agate and quartz. 

Annealing is a process by which metals and some other substances are ren- 
dered soft and flexible by being heated and allowed to cool slowly. The brittle- 
uess of glass, for example, can be greatly modified by this process. 
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SYNOPSIS FOR REVIEW. 

L — UNTVEBa/LL Gravitation: 

1. DefinitiaH, 

2. Generai Ijiv. 

^* j2. Line of direction. 
I (1. Stable. 

4. EquiMbrium, : \^, Unstable. 

(3. Neutral. 
( 1. Principle. 

5. Tlie Balance : < 2. Construction. 

( 3. Different kinds. 

6. FalUng Bodies. 

1. Law of. 
^ 2. Illustration of the law, — At wood's machine. 

S 3. Rules for problems. 

H 7. Ascending Bodies—LAvr of height and velocity. 

^ 8. Projectiles. 
ti 1. Definition. 

Ij 2. Range, or random. 

< 3. Path. 

^ n.— Weight: 

g 1. Definition. 

Q ri. Due to distance above the earth's surf ace. 

^ 2. />«/? <jr r«r»a<i€.;i ; \ \ ?"* J^ distance below the earth's surface. 

O 1 I d. Due to shape of the earth. 

^ (,4. Due to motion of the earth. 

Q III.— MOLECULAK FORCES : 

^ Molecular Attraction. 
^ (1. Solids. 

O I. Cohesion, in -J 2. Liquids. 

P ( 3. Gases. 

< (1. Solids. 

S 2. Adhesion, between < 2. Solids and liquids. 

^ (3. Solids and gases. 

§ IV.— Properties Peculiar to Solids: 

Special Properties : 

( 1. Of traction. 

1. Elasticity : ^ 2. Of torsion. 
( 3. Of flexure. 

2. Tenacity: 

1. Definition of. 

2. Law of. 

3. Examples. 
8. Ductility. S 

Tempering, f « 2- Examples. 
Annealiiig. J 
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APPLICATION OP PRINCIPLB& 

Fzplain the following phenomena : 1. Why bodies tend to the center of the earth. 
2. Why the moon reTolvee aroond the earth. 3. How the weight of a body determines 
the quantity of matter it contains. 4. Why the mason uses a plumb-line in building 
a widl. 5. The tempering of steel. 6. The untwisting of a twisted wire. 7. The use 
of a door-apring. & Why a wagon overloaded at the top is easily npaet 9. Why it 
is difficult to walk on stilts. 10. Why a person carrying a load on his back leans 
forward 11. The rising of bubbles on the surface of water when a plate of metal is 
immersed in it. 12. The spherical form of a drop of rain. 13. The increase in velocity 
of a falling body. 14. The decrease in velocity of a body rising perpendicularly from 
the surface of the earth. 15. The adhering of two surfaces of polished or ground glass. 
16. The simultaneous fall of a piece of lead and a feather in vacuum. 17. What holds 
the particles of a solid together. 18. The loss of weight which a body undeigoes when 
taken from the poles to the equator. 19. The rolling of a spherical body down an in- 
clined plane. 20. Why the path of a projectile is a curve. 

PROBLEMS FOR EXERCISE. 

1. Were a body that weighs 100 pounds at the surface of the earth to be carried 
1,500 miles above its surface, what would it weigh, taking the diameter of the earth at 
8,000 miles ? 

2. If the same body were sunk 500 miles below the surface of the earth, what would 
it weigh ? What would it weigh at the center of the earth ? 

3. At what height above the earth's surface would it lose half its weight ? At what 
depth below the surface ? 

4. If the moon were four times as far from the earth as it is, how much less would 
the mutual attractions of the two bodies be ? 

5. Taking the diameter of Jupiter at 88,000 miles, and the earth's at 8,000, wha*. 
would a body which weighs 100 pounds at the earth's surface weigh at the surface of 
Jupiter, the density of the latcer body being one-fourth that of the earth ? 

6. How long will a body be in falling from a height of 500 feet ? 

7. If a body has been falling 3}^ seconds, from what height did it fall ? 

8. What velocity did it have when it reached the surface ? 

9. With what velocity must a body be thrown perpendicularly upward from the 
surface of the earth to reach a height of 1,300 feet f 

10. How long will a ball projected perpendicularly upward with a velocity of 1,608 
feet a second continue to rise ? What will be its velocity at the end of the third second ? 

11. Two bodies reach the surface of the earth at the same time, one having been 
falling 2)^ seconds longer than the other. Now, if the first fell from a height of 804 
feet, how long was the other in falling ? 

12. If from the top of a tower 201 feet high a body is projected horizontally with a 
velocity of 50 feet a second, how far from the base of the tower will it strike the ground, 
and how long will it be in falling ? 

13. Which has the greater momentum, a car weighing 30 tons moving at the rate of 
20 miles an hour, or a ball weighing 500 pounds which descends to the earth from the 
height of 2,500 feet? 

14. A stone is thrown from a balloon with a velocity of 400 feet in a second. In how 
many seconds will the velocity be increased 800 feet a second, and through what dis- 
tance will the stone have fallen ? 

15. If a projectile is thrown vertically upward to a height of 1,500 feet, disregarding 
the resistance of the air, in how many seconds will it return, and with what velocity 
will it reach the earth? 



CHAPTER III. 

LIQUIDS. 

I.— HYDROSTATICS. 

94 Hydreatatlcs treats of the conditiona of tbe equilibrium of 
liquids, and of the preaaure they exert. 

That brauch of physics which treats of the motion of liquids in called tififiv 
dynamic*; that which applies the priucipleB of the science to the raising ut con- 
ducting of water in pipes is known aa /lydriiiilirii. 

While the molecules of liquids are displaced Iiy 
the slightest force, their fluidity is not perfect, 
lunce their particles slightly adhere to each other. 
Oases poasesB fluidity in a higher degree. They 
are not, howoTer, perfectly flnid, as their particles 
sliglitly adhere ; and when a mass of fluid is set in 
motion, there is a tendency on tbe part of the sta- 
tionary particles to drag back those adjacent to 
them. This slight adherence of the particles is 
called linxtilg. 

The distiDction between these two forms of mat- 
ter is, that liquids are almost iucotnpressible and 
inexpansible, while gases are peculiarly compreHsi- 
ble and expand spontaneously. 

The slight compressibility of liquids has l>een 
shown by the following experiment, made with the 
apparatus shown in Fig. 38, called the piezom'eter 
(Greek, piem, compress, and mdn/n, measure). It 
consists of a strong glass cylinder with very tliick 
sides, having an internal diameter of about '6i inch- 
es. The base of the cylinder is firmly cemented 
Into a wooden foot, and on its upper part is fitted 
a metalllo cylinder closed by * cap, which can be 
.tuucrewed. In this cap lliere is a funnel, R, for 
pouring water Into the cylinder, and a small barrel 

hermetically closed by a piston, which is moved by a screw, P. In the inside of the 
i^jparatus is a glias Teasel, A, containing the liquid to be compressed. The upper 
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})art terminates in a very small tube which dips under mercury, 0. This tube 
lias been previously divided into parts of equal capacity , and it has been deter- 
mined how many of these parts the vessel A contains. Tlie glass tube B contain- 
ing air is closed at one end, the other dipping under the mercury. When there 
is no pressure on the water in the cylinder, this tube is full of air ; but when the 
water in the cylinder is compressed by the screw P, the pressure is transmitted 
to the mercury, which rises in the tube, compressing the air which it contains. 
The graduated scale shows the reduction of volume, which indicates the pressure 
ou the liquid in the cylinder. Thus the pressure on the water in the cylinder is 
communicated to the mercury, which, rising in the tube, imparts it to the liquid 
in the vessel A, and the scale shows the amount of compression. 

Under a pressure equal to that of the atmosphere (15 pounds to the square 
inch), mercury is compressed to the extent of one two-hundred-thousandth of its 
volume ; water, one twenty-thousandth. Tlie compressibility of sea-water is 
about one twenty-three-thousandth ; it is not materially denser even at great 
depths, the increase at the depth of a mile being only one one-hundred-and- 
thirtieth. 

Whatever be the pressure to which a liquid is subjected, experiment shows 
that, as soon as tlie pressure is removed, the liquid regains its original volume. 
Hence it is concluded that liquids are perfectly elastic, 

95. Equality of Pressure. — ^Pressure exei*ted anywhere upon a 
mass of liquid is transmitted undiminished in. all directions, and 





Fig. 80. 

acts with the same force on all equal surfaces, and in a direction at 
right angles to those surfaces. 

This is often called Pascal's law, having been first enunciated by him. It as* 
sumes that the liquids are perfectly fluid, and uninfluenced by the action of 
gravity. 

To illustrate this, let us conceive a vessel of any given form (Fig. 29) in the 
sides of which are placed various cylindrical apertures, all of tlie same size, and 
closed by movable pistons. Now, if this vessel be filled with liquid, and unaf- 
fected by the action of gravity, the pistons will have no tendency to move. Then 
if a weight of 5 pounds l>e placed upon the piston A, it will be pressed inward, 
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ftnd the prearore will be commnnicated to each of the other pistons, B, C, D, and 
£, which will be forced outward by a pressure equal to 5 pounds, their surfaces 
being equal ; but if the surface of one were ten times as great as that of A, the 
pressure upon it would be ten times as much, or 50 pounds. 

That the pressure is transmitted in all directions can be shown hy the follow- 
ing experiment : A cylinder provided with a piston is fitted into a hollow sphere 
(Fig. 30) in which small cylindrical jets are placed perpendicular to the sides. 
The sphere and the cylinder being both filled with water, when the piston is 
forced in, the liquid spouts from all the orifices, not merely from that opposite 
to the piston. 

96. In consequence of the equal distribution of pressure exerted 
upon any portion of the surface of a liquid contained in a vessel, 
any weight, however small, may be made to balance any other weight, 
however large. 

. This is illustrated in Fig. 31. Two cylinders of different diameters are joined 
by a tube and filled with water. On the surface of the liquid are two pistons P 
and p, which hermetically close the cylin- 
ders and move without friction. Let the 
area of the large piston be, for example, 
thirty times that of the small one. Then 
if a weight, say of one pound, be placed 
upon the small piston, the pressure will be 
transmitted to the water and to the large 
piston ; and as this pressure is that of a 
pound on every portion of its surface 
equal to that of the small piston, the large 
piston must be exposed to an upward pressiire of thirty pounds ; and if that 
weight be placed upon it, both pistons will be in equilibrium. It is obvious that 
if the piston P were one thousand times as large as the small one p, one pound 
could be made to balance a thousand i>ounds, and so on. 

97. Pressure Independent of the Shape of the Vessel. — The 

pressure exerted by a liquid, in virtue of its weight, on any portion 

of the liquid, or on the sides of the containing vessel, depends on the 

depth and density of the liquid, without regard to the quantity of 

the liquid or the shape of the vessel 

Hence a very small quantity of water can be made to produce a very great 
pressure. Let us imagine any vessel — a cask, for example— filled with water, 
and having a long, narrow tube fitted into the side. If water is poured into the 
tube, there will be a pressure on the bottom of the cask equal to the weight of a 
column of water whose base is the bottom itself, and whose height is equal to 
that of the water in the tube. The pressure may be made as great as we please. 
By means of a narrow thread of water forty feet high, Pascal succeeded in 
bursting a very strongly constructed cask. On this principle, is constructed the 
toy ki\own as the hydrotUttic btUows; also the hydraulic press. (Art. 103J 
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The presnire of fresh water at the depth of 1 foot is 62i ponnds, or 1,000 
oances upon every square foot, because a cubic foot of water weighs that amount. 
In sea water the pressure is 04.37 pounds. It is obvious that at great depths the 
pressure is enormous. 

The number of square feet in the area of the bottom of a vessel multiplied bj 
the perpendicular height in feet, and that product by the weight of a cubic foot 
of the liquid, will give the pressure on the bottom. It is obvious that this rule 
takes no account of tlie shape or contents of the vessel. 

98. Pressure on the Side of a Vessel. — The total pressure on 
any part of the side of a vessel is equal to a column of liquid which 
has this portion of the side for its base, and whose height is the ver- 
tical distance from the center of gravity of the portion to the surface 
of the liquid. 

Tills follows from the fact that the pressure caused by gravity in the mass of 
a liquid is transmitted in every direction ; and, therefore, at every point of the 
side of any vessel a pressure is exerted at right angles to the side, if it be a plane 
surface. Tlie resultant of all these pressures is the total pressure on the sides. 
If the side be a curved surface, the same rule gives the pressure on the surface, 
but the total pressure is no longer the resultant of the fluid pressures. 

Tlie pressure on the side of a vessel is the mean of all the pressures from the 
surface, where it is nothing, to the bottom, where it is measured by the area of 
tlie bottom multiplied by the 'height of the liquid. Hence, in a cubical vessel, 
the pressure on any side is equal to one-half the pressure on the bottom. There- 
fore, to And the pressure on the side of a vessel, multiply the number of square 
feet in the area of the side by half the perpendicular height in feet, and that pro- 
duct by the weight of a cubical foot of the liquid. 

99. Hydrostatic Paradox. — While the pressure of a liquid on 

the bottom of a vessel depends not on the form 
of the vessel nor on the quantity of liquid con- 
tained, but simply on the height of the liquid 
above the bottom, the pressure of the vessel itself 
with its contents on the body which supports it 
depends upon their actual weight. 

Tlius while the addition of an ounce of water might 
be so applied as to cause a pressure sufficiently great to 
burst the strongest vessel containing the fluid, it would 
be simply the additional weight of an ounce on that 
which supports the vessel. Tliis, at first view, seems 
absurd, though it is true, and hence is called the hydiv 
static paradox. 

It is illustrated in Fig. 32. C D is a vessel composed of two cylindrical parts of 
unequal diameters, and filled with water to a. The bottom of the vessel supports 
the sai^e pressure as if its diameter were equally large throughout. Now, If the 
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area of the bottom of the large cylinder is twenty-five times as great as that of 
the small one, and an ounce of water is poured in at a, the additional pressure on 
the bottom of G D will be equal to that of 25 ounces ; but the whole vessel C D 
and its contents will weigh just one ounce more. For the upward pressure upon 
the surface no of the vessel balances the downward pressure on m, so that the 
pressure exerted on the bottom of the vessel is not all transmitted to the scale 
MN. 

EquiUBBiUM OF Liquids. 

100. In a single vessel a liquid remains at rest, (1) when its sur- 
face is eTeiywhere perpendicular to the resultant of the forces which 
act on its molecules ; and (2) when every molecule of the mass of the 
liquid is subject, in every direction, to equal and contrary pressures. 

To illustrate the first condition, let iis suppose that mp (Fig. 33) is the result- 
ant of all the forces acting on any molecule m on the surface, and that this sur- 
face is inclined in reference to the force m p. The 
latter can, consequently, be decomposed into two 
forces, m q and mf, the one perpendicular to the siir- 
face of the liquid, and the other to the direction m p, 
Now the first force m q would be destroyed by the 
resistance of the liquid, while the second would move 
the molecule in the direction m/, which shows that 
the equilibrium is impossible. 

If gravity be the force acting on the liquid, the direction m p va vertical ; 
hence if the liquid is contained in a basin or vessel, the surface is plfKie and 
horizontal. In the case of the ocean, the surface is curved, owing to its great 

extent, because while it is perpendicu- 
lar to the direction of gravity, that 
direction changes at every point. This 
is true of the surface of all liquids, but 
in a vessel of small extent the variation 
from a plane surface is infinitesimal. 

101. In several communi- 
cating vesseISp of any variety of 
form, there will be equilibrium 
when the liquid in each vessel 
satisfies the two preceding condi- 
tions, and further, when the sur- 
faces of the liquids in all the ves- 
sels are in the same plane. 

In the vessels A, B, C, and D (Fig. 34), which communicate with each other, 
let us consider any transverse section of the tiibe m n. The liquid can remain in 
equilibrium only as long as the pressures which this section supports from m in 
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the direction of n, nnd from ii in the direction of iii, &re pqiinl and opposite. 
Now these preeaures are respectively itqual to the weii^lit of s, columu of water 
whose base is the supposed section, and whose height is the disUoce from the 
aenter of gravity of this section to the surface of the liquid. If we conceive, 
then, a liorizontal plane iii n drawn tlirough the center of gravity of this section, 
it will he seen tliat there will be equilibrium only as long as the height of the 
liquid above this plane is the same in each vessel, 

102. When liquids of differeut deneitiea are contained iu the 
same vessel, there will be stable equilibrium only wlien the liquids 



Fig. B5. 

are arranged in the order of their decreasing densities from the bot- 
tom upward. 

This can be shown by the pliiat of four elemejiU, which coaBisls of a loni, 
narrow bottle containing mercury, water saturated with carlranate of potass, 
alcohol colored red, and petroleum. When the phial is shaken the liquids mix ; 
but when it is allowed to rest they separate, the merenry sinking to Iho bottom, 
on which rest in tlieir order (he water, the alcohol, and the pelroleiim, 

103. Hydraulic Preaa,^ — In the hydraulic press, a machine hy 
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m«aiut of which an enormouB pressure ma; be prodncecl, the law of 
the equality of pressure of liquids has received an important applica- 
tion. Its principle is due to Pascal, but it was first constructed b; 
Bramab in 1796. 

It conaUts of a cjlinder (Fig. 35) with very strong, tliick aides, in wliich 
Uieie is a cuit-iron ram C, workiug water-tight in tliv uutlor of the cylinder. On 
the nun there is a cast-iron plate, K, on which the substance to be prewed la 
placed. Four stroiig columus serve to support and fix a second pUte M N. By 
meant of a leaden pipe (( llie cylinder, which is filled with water, communi- 
eutes with a small force-pump A, whicli works by means of a lever O. When 
the piston a of this pump asceiiils, u vacuum is produced, and tlie water rises 
in the tube. When the piston n descends, it drives the water into the cjliudar by 
the tube il. The prcKSUre depends ou the relation of the pistons C and a. It tha 
formtT has a transverse section fifty or a hundred times as large as the latter, 
the upward pressure on the large piston will proportionally exceed that exerted 
on the small one. By means of the lever O on additional advantage is gained. 
If the distance from tlie fulcrnm Ut the point where the power Is applied be five 
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timet the distance from the fulcrum to the piston n, the pressure on u will bo 
five times the power. Tlius if a man ovts on O with a fon'e of 60 pounilH, the 
force transmitted by the piston c will be 300 pounds, and thu force which lends 
to raise the piston C will be 30,000 pounds, svipposinp that the section of C is a 
hundred times that of a. . 

The hydraulic press is used in pressing clolh and paper, in extracting the 
juice of beet-root, in compressing hay and cotton, in expressing oil from seeds, 
and in Iwnding iron plates. It also serves to lest the strength of cannon, of 
■team bailers, and of chain cablcr', and aids in launching slilpa. 

104. The watar-level is an application of the conditions of 
equilibrium in communicating vessels. 

It condsts ol a metal tube bent at both ends, in which are fitted gloss tubes 
D and E (Fig. 36). It is placed on u tripod, and water is poured into it nntU It 
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rises in both legs. When the liquid is at rest the lerel of the water in both 
tubes is the same — that is, In the same horizontal plane. This instrument is 
used in leveling, or ascertaining how much one point is higher than another, as, 
for example, B than A. The height of the latter being indicated on the level- 
ing-stajff A M, and subtracted from the height of the level, the difference in 
height between A and B becomes known. 

The surface of standing water is not perfectly level, owing to the general curv- 
ature of the earth's surface, of which it partakes. This amounts to about eight 
inches per mile. 

The 9pirit4etd is constructed on a similar principle. It consists of a glass 
tube A B (Fig. 37) very slightly curved. It is filled with alcohol, with the ex- 
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ception of a bubble of air, which tends to occupy the highest part. The tube is 
placed in a brass case G D (Fig. 38), which is so arranged that when it is in a per- 
fectly horizontal position the bubble of air is exactly midway between the two 
points marked in the case. 

105. Artesian wells illustrate the tendency of water to find its 
level. They are deep borings through different strata of the earth's 
surface, until water is reached, which, to find its level, rushes up to 
or near the siurface. 

These wells derive their name from Artois, in France, where it has long been 
customary to dig them. It seems, however, that, at a very remote period, wells 
of this kind were dug in China and Egypt. 

Of the strata composing •the earth's crust some are i>ermeable to water, such 
as sand, gravel, etc., and some not, as clay. Fig. 39 represents a geographical 
basin in which two impermeable strata A B and C D inclose a permeable layer 
K K. The rain-water falling on the part of this layer which comes to the sur- 
face, called the outcrop^ will filter through it and collect in the hollow of the 
basin, whence it is unable to escape. If now a well, I, be vertically bored to this 
basin, the water will rise through it to, or nearly to, the level of the outcrop. 

The waters which supply artesian wells often come from a distance of sixty 
or seventy miles. The depth varies in different places. The well at Grenelle, 
Paris, is 1,800 feet deep, and gives (i56 gallons of water a minute. There are 
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two wells in Chicago, about TOO tent duep, that afford a daily soppljr of about 
430,000 EtllonB of water. 

106. Prlneipla of Arohlmade*. — Every body immersed in a 
liquid is acted on by two forces— gravity, which tends to lower it. 



and the buoyancy of tbe liquid, which tends to raise it with tt force 
equal to the weight of the liquid displaced. The weight of the body 
is either totally or partially overcome by this buoyancy, from which 
it is concluded that a body immersed in a liquid loses a part of iU 
weight equal to the weight i^ the displaced liquid. 

The forces acting nn an immer^d body are illustrated Id Fig. 40, which 
repraseats a cube immersed in water. The pressures upon tlie tour vertical faces 
being cUsrlj in equilibrium, w« need couBider yuly the 
presBures on the horiiontal faces A and B. The flret ia 
pressed downward by a column of water, the hose of 
which is tlie face A, and its beigiit A D, while the lower 
face B is pressed upward bj a column of water, the base 
of wliich is tlie face itself, and its height B D. The 
cube, tlierefore, is urged upward bj a force equal to the 
difference Ijetween these two pressures, which is mani- 
festly equal to the weight of a column of water having 
the same base and lieight as the cube. Consequently, 
this upward pressure is equal to the weight of the vol- 
ume of wat«r displaced by llie immersed body. 

This principle, which is the basis of the theory of 
immersed and floating tiodies, is called the principle of "■• *■ 

Archimedes, who is said to have discovered it while endeavoring to ascertain 
how much alloy the goldsmith whom Hiero, King of Syracme, had employed to 
make him a crown of pure gold, had mixed with the metal. The principle waa 
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niggeit«d to AmUmedM irUle he wm hi the bath, and It ia u!d he nuhed into 
the street, eiduming Kurdca .'—I hive found it. 

The principle of Archimedes affords a method of ascertaining the volume of 
a bodj of any shape, provided It ia not solnble in water. The bod; is weighed 
frst in air, and tbeu in irater, and the loss of weight is the weight of the dis- 
placed water, whioh ia the same in volume as that of the bodjr ; and from its 
weight the volume can eaailj be calculated. 

107. Floating Bedia*. — A body when floating is acted on b; 
two foioes — its weight, which acts vertically downward through ito 
center of gravity, and the resultant of the 
fluid pressures, which acta vertically upward, 
tlirougb the center of gravity of the fluid dis- 
placed. 

When the bodj is at rert these two forces must be 
equal and miisl set in opposite directions. Hence the 
following are the conditions of equilibrium : 

1. The fioatiiig body mutt duplaee a rcbime ^f 
\iqa\d Iht aeighi of which it equal to that of the body, 

2. The center of granty of the floating body mutilit 
in the mime zertiad tine at Oiat i^ thejluid dttplatvd. 

Girtetian Diter. — The different effects of suspen- 
sion, immersion, and Boating are repieseiited In the 
■well-known hydrostatic toy called the Gart^tian direr 
(Fig. 41). It consists of a glass cylinder nearlj full 
of water, to the top of which n brass cap, provided 
with a piston, is hermetically fitted. In the liquid 
there is a little porcelain figure attached to a hollow 
glaxs ball <7, which contains air and wnter, and Boats on 
the snrfoce. In the lower part of this ball there is a 
little hole by which water can enter or escape, accord- 
*''■'■ *'■ iii^astheair in the interior is moreor lesscompressed. 

The quantity of water in the globe is such that very little more is required to make 
it sink. If the piston be slightly lowered, the air is compressed, and this pressure 
is transmitted to the water of the vessel and (Uu air in the bulb. The consequence 
is, that a small quantity of water penetratfs into the bulb, which Ihns becomes 
lieaviwr and sinks. If the pressure is withdrawn, the air in the bulb expands, 
and expels the excess of water which had entered it ;' and now being lighter, the 
figiire rises. Instead of llic bra>(s cap and piston, a sheet of india-rnbhei may 
be used, which may be pressed with the hand, producing the same effects. 

The swimming-bladder of the fish acts on the same principle, the fish by a 
muscular effort compressing or dilating It at pleasure. As the human body is, 
on the whole, lighter than an equal volume of water, it floats on the surfaoe. 
Bwimming depends upon giving the body such a position that the head may be 
above the water. 
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108. Speolffo gravity ia the weight of a body compared with a 
quantity of water of the same volume. 

The standkrd la distilled irst(*r at a tempentuK of 3S.2' F. In order to oml- 
cnlite the specific gntril^r of a body, M that is required ia to determine its 
freight aad that of ui «qiul volume of water, kod divide the flnt bj the second. 
The quotient will be the specific gravity. Hence the following rule : 

109. To find th« •peolflo gravity of a solid, weigh it first in 



air and then in water, and the quotient found by dividing its weight 
in air by its loss of weight in water will be the specific gravity. 

The truth of this principle Is shown by means at the hydroMatic bnlance (Fig. 
42), which is an ordinary balance having each of lis pans furnished with a hook. 
The beam can be raised by means of a toothed rack worked by a Httte pinion C, 
a catch D holding the rack when it h[w been raised. The beam being raised, a 
hollow brass cylinder A is suspended to one of (he pans ; and below this is a solid 
cylinder whose volume is eqnal to the capacity of the other cylinder. After the 
weight haa been exactly counterpoised, Iho cylinder A is filled with water. This 
diatorba the eqnilibrlnm i but, if the solid cylinder B is allowed to descend In a 
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vessel of wtiter, the eqntlibrinm is restored, sliowing that (he loss of veight in 

the cjlinder B is equal to the water poured into A. 

To And the spvcififi gravltj- of a solid b; tlie liydraetatic balance, it is fir«t 

weighed in air, and is then Hiispunded to (he liook of the scale-pan and weighed 

in water. In this way the ions of weight in aHcertaiiied, 

It the body is ligliter than water, a lieuvier sii)i- 
s(»iice of known weiglit can be attoclieil lo it, and botii 
weighed together. The loss of weight uf tliu (wo leHS 
the loss uf weiglil uf (lie heavy body will he (he lo«a 
of weight of the lighter body, and this divided liy its 
weight in air will give the specific gravity. 

yirJi/ilKiii't Uy<lroiiielii\—T\i\a apparatnB is repre- 
sented in Fig. 43. It consists of a hollow metal cylin- 
der B, to which is fixed a cone C, loaded witli lead. 
At the top is a stem to wliicli Is a(tached a pan tor 
holding the sulifltan<:e to be weighed, and on which is 
marked a standard point «. It is first ri.H|nired to know 
the weight wliicli mii»t be placed in the pan to sink 
the hydrometer to o. Let us siippoiie this to be Via 
graiQH. Suppose we desire to ascertain the specilic 
gravity of sulphur, we select a piece weighing less than 
Viti grains, place it un the pan, and add sufficient 
weight to sink the stem to o. Tliis added weight de- 
Fig. Dt. ducted from 125 grains n-ill obviously give the weight 

ot the snlphur. Now place the piece ot sulphur in the lower pan at C, immersed 

in water, and the loss of weight will cause the hydrometer to rise. Weight is then 

added t« the pan to cause it to sink to o, and that weight represents tlie Iohs of 

weight of the sulphnr when weighed in water. If the body in question is lighter 

than water, it is conHned to the tower pun by a small movable cage ot fine wire. 
If the body whose specific gravity is to be determined is soluble in water, it is 

weighed in some liquid in wbSeh it will not dissolve, such an oil of turpentine, 

the speciHc gravity of which is known. Tlien tlie specific gravity of the body Is 

found by multiplying that obt^ned in the experiment by the i'pecilic gravity of 

the liquid used. 

The foil wtiig table gives the specilic gravity of certain well-known subclances 

(at 33° F., compared with water at 39.2° P.) : 

Platinum (rolled) 22.069 : 

(cast) 20.337 

Gold (cast) 19.256 

Lead(cast) 11.3r>2 

Silver (caat 10.474 

Copper (cast) 8.788 

Br»» 8.383 

Iron (cast) 7.207 

Tin(cast) 7,291 

Ztnc (cast) 0.661 











Statuary marble 


2,837 




1,017 








930 










Cork 


240 
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110. The «peolflo gravity of n liquid maybe detennined by 
the loss of weight it occasions in a solid, and by comparing it with 
the loss of weight which the some soM undergoes when weighed in 
water. 

This irill b« obvious from the fact tbat the loss of weight in each cue r«pre- 
Benta the weight of an equal Tolume of the liquid used ; and ttie one required 
being divided by that of water gives the specific grftvitj. The followiDg shows 
the specific gravit; ot * few well-known liquids (at 32° F., compared with water 
at 38.3' P.) : 

Heronr; 

Snlphnric acid 1,841 ■ 

Chloroform 



Sea water 

Olive oil 

Oil of turpentine... 

Petroleum 

Alcohol (abeolnte). . 
Ether 
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IIL—CAPILLARY ATTRACTION. 

111. Capillary attraction is the name given to the tendency o/ 
liquids to rise in fine tubes. 

The term eapiSarj/ is derived from the Latin word mpiBiii, a hair, and is ap- 
plied to this claes of phenomena because thej are best seen in tubus as One as 
hur. These phenomena maj all be referred to the attraction of the liquid 
molecules for each other, and to the attraction between these molecules and 
solid bodies. The fallowing are some of the phenomena 

When a body is placed In a liquid which wets it, for example, a glass rod in 
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water, the liquid is raised against the sides of the solid, and its surface, instead 
of remaiuing horizontal, becomes Blightly concave (Fig. 44). If, outlie contrary, 
the solid is one which ia not moistened h,v the liquid, as glass by mercury, the 
liquid is depressed against the sides of the solid, and assumes a convex shape 
(Fig. 45). When a tube of fine bore is placed in a liqnid, these phenomena be- 
come more manifest; and, according as the lubes are, or are not, moistened by 
the liquid, an ascent or « depression of the liquid la produced ; and this is greater 
in proportion as the diameter of the tube is less (Figs. 46 and 47). 
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112. When two bodies of any given shape are dipped in water, 
similar capillary phenomena are produced, provided the bodies are 
sufficiently near. 

If, for example, two parallel glaas plates are im- 
mersed in water, at a very small distauce from each 
other, water will rise between the two plates in the 
inverse ratio of the distance which separates them. 
The height of the ascent for any given distance is 
half what it would be in a tube the diameter of which 
— is equal to the distance between the plates. If im- 
~\ mersed in mercury, a corresponding depression takes 
~ place. In Fig. 48, A B and A C reprtsent two glass* 
^ plates inclined to each other at a small angle, and im- 
mersed in water. Tlie surface of the water within 
assumes the form of a regular curve. 

113. Cause of Capillary Attraction. — The form of the surface 

of a liquid in contact with a solid depends on the relation between 

the attraction of the solid for the liquid, and of the mutual attraction 

between the molecules of the liquid. 

Let m be a liquid molecule (Fig. 49) in contact with a solid. This molecule 
is acted upon by three forces : by gravity which attracts it downward, in the 
direction of the line m P ; by the attraction of the liquid F, which acts in the 
direction tn F ; and by the attraction of the plate tz, which acts in the direction 
mn. The resultant must be in one of three directions, according to the rela- 
tive intensities of these forces: 1. In the direction m R (Fig. 49), when the sur- 
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face m must be plane and horizontal ; 2. If the force n increases, or F diminishes, 
the resultant R is within the angle nm P (Fig. 50) ; in this case the surface taking 
a direction perpendicular to m R, according to the law of the equilibrium of 
liquids, becomes concave ; 3. If the force F increases, or i\ diminishes, the re- 
sultant R takes the direction m R (Fig. 51), within the angle P m F, and the sur- 
face becomes convex. 

Tlie elevation or depression of a liquid in a capillary tube depends on the 
concavity or convexity of the surface, caused as above described. For when con- 
cave, as in Fig. 52, the liquid molecules are sustained in equilibrium by the 
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forces acting on tliem, and they exercise no downward pressnre on the inferior 
layers ; while, by molecalar attraction, they act on the nearest layers beneath 
them. Hence, when the surface is concave, the pressure on any layer, inn, 
within the tube, is diminished, and the liquid must rise until the internal press- 
ure on the layer mn is equal to the external pressure op, acting on the same 
layer. When the surface is convex, aa represented in Fig. 53, the reverse is the 
case ; the pressure on the layer mn is greater than if the space ghik were filled. 
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Fig. 58. Fig. 68. 

for the molecular forces are more powerful than gravity ; hence, the liquid sinks 
in the tube until the internal pressure on a layer, as f /in, is equal to the exter- 
nal pressure op on the same layer. 

114. The free surface of a liquid is that which is bounded by a 
gas or by a vacuum ; it has greater cohesion than any layer of the 
hquid in the interior. 

For the particles at the surface are attracted by the adjacent particles in all 
directions, except in that above the surface. The attractions acting laterally 
compensate each other; and as there are no attractions above the surface to 
counteract those acting from below, the effect will be to lessen the mobility of 
particles on the surface, the result being the same as if the surface layer exerted 
a pressure on the interior- This surface tennon increases with the cohesion of 
the liquid, and depends on the form of the surface. 

A drop of mercury on a table has a spherical shape, because the molecular 
attraction is greater than gravity ; and when the quantity is increased, the shape 
is spheroidal, retaining at its edge the convex form. A needle, if gently placed 
on the surface of water, will not sink, because its surface being covered with an 
oily layer, does not become wet, while its weight causes a concavity, the surface 
tension of which acts in opposition to the weight. On this principle, insects 
move on the surface of water. 

Capillary Phenomena.— li is by capillary attraction that oil ascends in the 
wicks of lamps, that water rises in wood, sponge, paper, sugar, and in all bodies 
which ]>ossess pores of perceptible size. In the cells of plants the sap rises with 
great force, for the vessels are of very small bore. 

A liquid does not overflow in a capillary tube, although the latter may be 
shorter than the liquid column which would otherwise be formed in it ; for when 
the liquid reaches the top of the tube, the upper surface, though previously con- 
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IV.— BND08M0SB AND EX0SH08E. 

116. When two different liquids are separated b; a thin po- 
rous partition, either organic or inorganic, a current sets in from 
each liquid to the other. To these currents — the one from vithin 
nod the other from without — the names endogmose and exogmote are 
respectively given. The same phenomena are seen in a high degree 
in the case of gases. 

Then Wnu, iHgaityiag impuite from tnlAi'n and iiaptdte from wMo^ were 
emplojed bj Dutrocliet, irho fli«t drew Uteu- 
tion to the phenomena. Tbe general phenom- 
enon ma; be termed dio*mo»e, and may be 
Illustrated bj an instrument called the endot- 
moin'eter. This consists of u long tube at the 
end of which a membranous bag is 6.rm\j 
boand (Fig. 54). The bag ia filled with a 
strong Bjrnp, or some other liquid denser than 
water, such as milk or albumen, and is then 
immerMd iu water. The liquid is seen to 
rise in the tube, while tlie outaide level is 
lowered ; and (he external liquid Is found to 
contain some of the liquid with which the bag 
was filled, showing the two opposite currents. 
The flow of the liquid toward that which in- 
creasei In volume is endosmoee, and the other 
eioamose. If water is placed in the bag, and 
immersed in the syrup, eudosmose Is produced 
from the water loward the syrup. In general, 
endoemoM takes place toward the denser 
liquid ; bnt to this alcohol and ether are ex- 

■g^- u Tlie liquids used must be such as will mil ; 

tliere can be no diosmose, for instance, with 
water and oil. They must, also, be of diRerent densiliea ', and one of them at 
least must be able to pass through the membrane. The well-known fact that 
diluted alcohol kept In a porous vessel becomes concentrated is due to endosmose. 
It a mixture of alcohol and water !b kept for some time in a bladder, the volume 
diminishes, the alcohol becoming more concentrated ; becaose, doubtless, the 
bladder permiti the diosmosc of water rather than of alcohol. Dloamose plajs a 
meet Important part In organic life ; tlie cell walla are membraues through which 
endoNnoee and exoemone take place. 



v.— DIFFUSION OP LIQUIDa 

116. n oil be poured on water, no tendency to intermix ig ob- 
served, separate layers of the two liquids being 

formed soon after agitation ; but, if alcohol, 
whicli ia specifically lighter, be poured upon 
water, the liquids gradually intermix, notwitb- 
Btanding the difference in their specific gravities. 
This ia called difuaion. 

ThlB phenomenon m*; be illostrated by the experi- 
ment repreBeal«d iu Fig. 55. A tall jar coataius water 
colored bj dissolving In it bine lltmoa. By means of a 
fonnel gome dilute sulphuric acid 1b carefnll? poured in, 
so M to form a layer at the bottom. The color of the 
solution will be gradually changed into red, progreBaing 
upward, proving that the acid has dilfuaed itaelf through- 
out the entire mau. ^- "■ 

VI.— WATEE POWER. 

117. Water-wh»«l«. — When water is continuously flowing from 
4 higher to a lower level, it may be used aa a motiTe power. This 
power in utilized by means of water-wheels, which are wheels pro- 
vided at the circumference with buckets, or float-boards, on which 
the water acts by pressure or by impact. 

118. Water-wheels turn in a vertical plane round a horizontal 
axis, and are of two piincipol kinds : undershot and oijenhot wheeh. 

119. Undershot wheels are those in which the float-boards are 
at right angles to the circumference of the wheel, the lowest being 
immersed in the water. 

120. Overshot wheels have on their circumference buckets of a 
peculiar shape, so made that the water may fall into them and move 
the wheel by its weight, each bucket; as it reaches the lowest point 
of its revolution, discharging its contents. 

Undershot wheels are used when the quantity of water is great, with but Uttle 
fall; overshot wheels are used when there is a smaller quantity of water, but a 
high fall, as in small mountain streams. 

When the water ia made to flow against the circumference of the wheel below 
the axis. It is called a iirtatt vHud. This is often the most convenient and effec- 
tive form that can b« nwd. 



TH— PHBNOMBNA OF JETS. 

121. Veloolty of Efflux. — The velocity with which a liquid flows 
from an oriflce in any part of the containing vessel is the same as a 
body would acquire in falling from a state of rest from a height equal 
to the distance between the surface of the liquid and the orifice. 

This is oklled Tonioelli's tkeaiem, having been discovered by him. Thus, if 
there it an aperture in the bottom of a vessel, ■ particle at the surface of the 
liquid falling freely must have a velocit/ on reaching the orifice equal to that of 
any other body falling through the Mme dUtance. It follows from this that the 
velocity of efflux depends on the depth of the oriHce below the surface, and not 
on the nature of the liquid ; also that the velodties of efflux are directly propor- 
tional to the square roots of the depths of the orlflces. That is, water would 
issue from one orifice 100 In.^hes l)elow the surface witli tan times the velocity 
that it wonid issue from one only an Inch t>elow it. 

122. DIreotlon of J«t. — A liquid in passing from an orifice iu 

the side of a vessel, describes a 
curve of the same character as the 
path of a projectile (81). 

This Is a result of Torrioelli's theo- 
rem. Since tiie pressure is equal in all 
directions, water issues from an oriSce in 
the side of a vessel with the name ve- 
locity as from an aperture in the bottom 
of the vessel at the same depth. Each 
_. „ particle of a jet issuing from the side 

of a vessel begins to move horizontally 
with the velocity above mentioned, but Is drawn downward at every point by 
the force of gravity, producing the same effect as ou tlie projectile, the path of 
which is a pmvtboln (Fig. S6). This curve takes different forms according to Ibe 
location of the orifice, 

123. Height of the Jet. — A jet issuing from an orifice in a ver- 
tical direction, and having the saoae velocity as a body would have if 
it fell from a certain height, would reach the same height, if it were 
not prevented by the fall of the liquid p.trticles, together with fric- 
tion and the resistance of the nir. 

If the jet be inclined at a small angle, it will reach about nine-tentlis of llie 
theoretical height 
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SYNOPSIS FOR REVIEW. 



( 1. Hydrostatics. ) 
L'Htdrostatics : k 2. Hjdrodyuamics. > Definition of each. 

(3. Hydraulics. ) 



1^ 



( 2. Shown oy 4he piezometer. 



1 ri -1 'I's ^ Tj^.'^ . H* As compared with gases. 

1. Compremlnhty of Liquids : \ ^ ^.^^^ ^^^^^ r>i«,Sm«*-i 

2. Preware of lAqvids : 

lity of : -^ 2. 
(8 



1. Equality 



1. Law of. 

Illustration of. 
Result of. 
2. Relation to depth of vessel. 
8. On the side of vessel. 
4. Hydrostatic paradox. 

8. EquUtbrium of Liquids : 

1 In a sinirle vessel • i ^' Conditions of rest. 

1. in a single vessel . ^ g. Illustration. 

2. In several communicating vessels. 

8. Of liquids of different density. (Phial of four elements.) 

( 1. Hydraulic press. 

4. Instruments : < 2. Water level. 

(8. Spirit leveL 

5. Artesian wells. 

4. Pressure on Immersed Bodies, (Principle of Archimedes.) 

5. Pressure on Floating Bodies. 

II Spkcific Gravity: 

1. Definition and Standard, 

2. Method of finding Specific Gravity : | \ ^ ^^j4^ 

in.— Capillary ATTRAcmoN : 

1. Btfinition, 

2. OapOary Phemmem : \ ^jj}; *?^p,^.. 

3. (Jauses, 

lY. — ^Endosmose and Exosmobe: 

( 1. Endosmose. 

1. Ikfinitions: -I 2. Exosmose. 

( 8. Diosmose. 

2. Conditions of Action. 

v.— Diffusion of Liquids: 

Definiticn, Illustration. 
VI.— Water Power: 

Undershot. 
Water Wheds: \ 2. Overshot. 

Breast. 

Vn.— Phenomena of Jets: 



i 1. Undershot. ) ^ 
i;k 2. Overshot. >o' 
f 8. Breast. ) ^' 



How constructed. 
When used. 



1. Velocity and Effect. (Torricelli's theorem.) 

2. Direction of Jet. 
8. Height of jet. 
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APPLIOATION OF PRINCIPLEa 

JSxplain the following phenomena : 1. Why oil, that floata on water, will link in 
alcohol. 3. Why corpulent persons swim more easily than others. 3. Why the water 
at the bottom of the ocean is more dense than at the snrfaoe. 4. Why a Tessel draws 
more water in a river than on the ocean. 5. Why a ponnd of iron oocopies more space 
than a ponnd of gold. ((. Why iron will not sink in mercury. 7> Why a solid body 
feels lighter when immersed in water. 8. Why cream rises to the surfsoe of milk. 9. 
Why writing-paper needs to be sixed. 10. Why blotting-paper absorbs ink. 11. Why, 
when one corner of a lump of sugar is dipped in water, the whole mass becomes satu- 
rated with it. 13. Why a board shrinks when dried, and a woolen cloth when weL 
18. How a plant is watered by pouring water into the saucer of the flower-pot. 14. 
Why quicksilver wiU not wet a piece of board when poured upon it, but rolls off in 
spheroidal drops. 15. How the wick of a lamp is supplied with oil. 10. Why clothes- 
lines are tightened by wetting theuL 17. Why the cork of a bottle is driven in when 
the bottle is sunk to a great depth in the ocean. IS. Why gold when plunged into 
quicksilver becomes covered with it 19. Why a greased needle will float on the sur- 
face of water. 20. How the sap of a tree is drawn from the root to the branches and 
leaves. 21. Why rubber toy balloons after a certain time lose their buoyancy. 22. 
Why a body immersed in water loses a part of its weight. 23* Why the weight lost is 
equal to that of a quantity of the liquid of the same bulk. 24. Why the discharge of 
water from the orifioe of a vessel is increased by heating the water. 25. Why alcohol 
will mix with water, although lighter. 26. Why a bottle filled with alcohol, and tightly 
dosed with a piece of bladder, when immersed in water, loses the alcohol and receives 
water. 27. Why a block of stone may be split by driving wooden wedges into a groove 
of it, and wetting them. 28. Why ink poured on the edges of the leaves of a book 
¥riU penetrate farther into the book than if poured upon the suxfiuse of the leaves. 



PROBLBMS FOB EXEBCISB. 

1. What is the presaure upon the bottom of a cistern 6 feet square and 10 feet deep, 
when it is three-fifths filled with water ? 

2. What is the pressure on the side of the cistern, 4 feet from the bottom ? 
8. What is the total pressure on the side when the cistern is full ? 

4. A barrel, S>^ feet high, each end of which contains 5)^ square feet, has a vertical 
tube, 5)^ feet high and three-quarters of a square inch in area at the end, connected 
with the head. If the barrel and tube are both filled with water, what is the pressure 
on the bottom of the barrel ? 

5. A cylindrical vessel 9 inches high, the bottom of which has an area of 10)^ square 
inches, is filled with sulphuric acid. What is the pressure on the bottom ? 

6. A solid substance weighing 61.25 grains being placed in a vessel full of water, 
caused an overflow of &75 grains of water. What was the specific gravity of the 
substance ? 

7. If a solid weighing 750 grains in air, weighs 630 grains in water, what is its 
specific gravity ? 

8. A body loses 30 grains in fresh water, what will it lose in sea-water, the specific 
gravity of which is 1.026 ? 

9. If a body loses 23 grains in water, 21 grains in oil, and 18^ grains in alcohol, 
what is the specific gravity of the oil and alcohol ? 
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• 

10. A piece ol platiimm (rolled) weighs 2}^ ounces in air and 47^ pennyweights 
in water, what will be its weight in mercury ? 

11. A cabe of lead, the side of which is 2 inches, is to be supported in water by 
being suspended to a cube of cork. What must be the length of a side of the latter, 
its specific gravity being 0.25, while that of the lead is 1I.S5 ? 

12. The force with which a hydraulic press is worked is 20 pouncH ; the arm of the 
layer on which this force acts is 5 times as long as that of the resista.ice ; lastly, the 
arm of the large piston is 70 times that of the smaller one. Required the pressure trans- 
mitted to the laige piston. 

18. A substance weighs 9 ounces, but when attached to a pound of lead^ the two 
together weigh in water VS}^ ounces. What is the specific gravity of the substance, 
that of the lead being 11.35 ? 

14. What would be the weight of a cubical piece of silver 5 inches each side (specif- 
ic gravity 10.5) ? 

15. Suppose a vault 5 feet high, 6 feet long, and 8 feet wide were fiiled with gold, 
what would be the weight of the gold ? 

16. What would a flask of ether containing 273^^ cubic inches weigh, the flask itself 
weighing 1 ounce ? 

17. One of the branches of a U-shaped glass tube contains mercury to the height of 
d}4 inches, while the other contains a different liquid to the height of 9)^ inches, the 
two columns being in equilibrium. Required the density of the second liquid as com- 
pared with mercury and with water. 

18. What presanre does the body of a diver sustain at a depth of forty-five feet, if 
the superficial area of his body is 23^ square feet ? 

19. A piece of iron, weighing 3 pounds, is attached to a piece of wood which weighs 
5 pounds ; and the weight of both in ¥rater is found to be 7>^ pounds. What is the 
specific gravity of the wood, that of iron being 7.21 ? 

20. A piece of lead that weighs 120 grains, is found to lose a weight of 10^ grains 
in water, and S}^ grains in alcohol. What is its specific gravity, and the specific 
gravity of alcohol ? 

5 



CHAPTER IV. 

GASES. 

I.— PBOPEBTIES OF OAHGa 

121. Okses are bodies tbe molecules of whicli are in a constant 
state of motion, in virtue of which they possess the moat perfect mo- 
bility, and are continually tending to occupy a greater space. This 
tendency causes the property known as expanmbilily, tetmon, or elastic 
force ; on account of which gases are 
often called elastic Jiuida. That depart- 
ment of phy&ica which treats of gases is 
called pneumatics. 

Tlie properties of Itquida and gases differ 
Mtliftr in degree than in kind. In both, tlio 
particles move easily among themaelvea ; botlt 
are compresaible, though in very dilFereut de- 
grees. Tlie property by which gaees are dis- 
tinguished from liquids ia (heir tendency to 
indefinite oxpaoaion. Hatter auumes the solid, 
liquid, or gaHeons form, according to tliu rela- 
tive strength ot the cohesive and repiilsiva 
forces exerted by llieir molecules. In liquids, 
these forces balance each other ; in gases rc- 
pulMon preponderates. 

By the aid of preHsura and low lempern- 
ture, the force of cohesion may be so increased in many gases as to convert them 
into liquids; and it is known that, nilh sufficient pressure and cold, all may be 
liqueBed. 

The trpaiitibSitg of ga»(» may be shoim by the following experiment ; A 
bladder closed by a atop-cock and aboat half f\il! of air, is placed under the re- 
ceiver of an (dr-piimp (Fi.i?. 57), and the air being withdrawn, the bladder is im- 
mediately distended, showing the tendency ot the air within to expand when 
the pressure of the external air is withdrawn. When air is admitted into the 
receiver, the bladder collapses again. 
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The eomp ivu KUI]f of ffiuu\tr«»d\\ J ah<nra hj iba pneumatic $ifringe(F^ 68V 
This oomifts of ■ stout gUn tnbe oloeed at one eod, and provided with *, tight- 
Stting BoUd pUlon. Whvn the rod of the piston U pressed, the air tiecomes com- 
prMBed in the tul>e, bnt regains its former Tolame as soon as the force la with' 

The ae^M of gate* can be shown b/ means of agtass globe of the cspacitj of 
three or four qaarts, the oectc being provided with a stopcock, which closes It 
lightly, and bj which it can be screwad to the plate of the air-pump. The 
globe is first exhausted of ur, and then weighed ; and is again weiglied after 



the air Is allowed to enter. The difference of weight will obvionslf show 
Uie weight of the air. 6; this method it has been found that 100 cubic inches 
of Ary air, under the ordinary atmospheric pressure, and at the temperature of 
61° F., weighs 31 grains. The same volnme of carbonic acid gas, under the 
same conditions, weighs 47.25 grains ; and the same quantity of hydrogen, the 
lightest ol all gases, weighs 2.14 grains. 

n.— THE ATH(^PHERB. 

126. The atmocphere is tlie layer of air which surrounds our 
globe. It partakes of the rotary motion of the globe, but-has its 
equilibrium constantly disturbed by local circumstaucea that produce 
currents, called winds. It is essentially a mixture of oxygen and 
nitrc^n gases, in tlie proportion of about four parts of nitrogen to 
one part of osygen. 

More exactly stated, the composition ot the atmosphere is as follows : 

Kitn^en 78.49 

Oxygen 20.63 

Aqueous vapor 0.84 

Carbonic acid 0.04 

100.00 
The carbonic acid arises from the respiration of animals, from combuition, 
and the decomposition ot organic sulatances ; and tliere must be, tlierefore, an 
I production of It. Yet the composition of the atmosphere does not 



I^, SB. 



68 PHTStOS. 

Tttj, for pUnts in the proceaa of vegetation decompoBs the c»bonIe uid into 
carbon and oxygen, making use of the former and restoring the laller to the sir. 

126. The pressure of the atmosphere on a giveu unit of area 
is constant at the same level, being equal to 
the weight of the column of atmosphere 
above that level resting on that unit of area, 
diminishing as we ascend, and increasing 
as we descend from that leveL 

In consequence of the expansive force oF air, it 
might be supposed tliat the molecules would pnsa 
off into the pUnetary spaces ; but as its expan- 
sive force constantly decreases, an equilibrium is 
reached, at a certain height, betireen this expauslve 
force and gravity, beyond which no further ex- 
pansion can take place. 

The plieuomenon of twilight, which cessm 
when tlie sun is llj° hclow llie liorizon, shows that 
at the lieight of 45 miles the atmosphere iii not 
dense enough to reflect the rays of the sun ; and at 

60 miles, it is assumed by some, its limit is reached. On the other hand, 

meteorites, whose luminous appearauce is due to the friction of the sir, liave 

been seen at a height of 200 

miles, and observations made 

at Rio Janeiro hy M. Liais 

indicate a height of from 198 

to 212 miles. 

The pressure of the at- 
mosphere may Ijb shown by 

the following experiment: 

On one end of a stout ii^lass 

cylinder (Fig. 50) about 5 

inches high and open at both 

ends, a piece of bladder is 

tiedqaite air-tight. Tlieolher 

end, the edge of whicli is 

ground aud well greased, is 

pressed on the plate of the 

air-pump. As soon as the air 

in the vessel la rarefied, by ) 

working the air-pump the 

bladder is depressed by the 

weight of the atmosphere "« «"■ ■"«• "'• 

above it, and finally bursts with a loud report, oatued by the force of the 
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llw XagMvTp hemitphem, inTeDl«d bj Otto 70a Qnerioke, of Hagdeborg, 
illmtnle the sune fact. The apparatiu ooDBlatB of two hollaw bruB hemiBpherea 
of aboQt 4 Inches in diameter, the edges being mode to fit tightljr (Figs. W 
and 61). One of them is proTided with a otop-coak, bj which it can be serened 
on the airf ump, and the other with a handle. As long an tlie hollow globe 
formed bj nniting tliem oontaina air, thej can be easilj aeparated, since the 
exlamal proaanre of the atmoaphere is conntarbalanced by the elastic force of the . 
air within ; but when the air is withdrawn, the hemisphere cannot be separated 
bat with great difflenltj, showing the pressuce of the air npon the outer suitace. 

127. The amount of preosura of the atmosphere U equal to that 
of a column ol-inercury 30 inches in 
hei^t, or about 16 pounds on evei? 
square inch. 

This fact, showing the exact weight of 
the atmoaphere, was ascertained by Torri- 
celli, a papil of Galileo, in 1043, by the fol- 
lowing simple experiment: A glass tube 
about a yard long and a quarter of an inch in 
internal diameter (Fig. 62), se^d at ona 
end, is filled with mercury. The aperture 
C being closed by the thumb, the tube is 
inverted, the open end plunged into a trough 
of mercury, and the thumb removed. Tlie 
lube being in a Tertical position, the colnma 
of mercury sinks, and comes to rest at a 
certain height, A, which, at (he sea-level, is 
found to be about 30 inches above the sur- 
face of the mercury in the trough. This 
represents the pressnre of the atmosphere on 
the mercury in the trough ; since, as there 
Is a vacuum in the tuM above the mercury, 
the pressure la not counterbalanced. It the 
upper end of the tube be opened, so as to 
admit ur, the mercury will immediately aink 
to the ODtside level. 

This being the case, the column of mer- 
cury in the tube should vary with the press- 
ure of th« atmoaphere, which diminishes as we ascend above the surface of the 
earth. To test this, Pascal requested one of his relations to repeat Torricelli's 
experiment on the summit of Puy de Dome, in Auvergne ; and the result was 
that the mercury stood about three inches lower, indicating a reduced pressure 
of the almospliere at that height 

At about 3^ miles from the surface of the earth, the mercury in the barome- 
tar falls to IG inches, showing that half the air contained in the atmosphere ia 
within that distance. 



Fig. «i. 



Pascal repealed Torrioellt'B experiment at Rouen, <n IMS, wttb other Ifqnlda. 
Using a tabe 5U feet long, lie tried it with water, and found the supported column 
to be 84 feet liigh, that is, 13.0 times as high as mercurj ', and as mercury is 13.6 
times as heavj^ ns water, llie ooliimns must be of the xaiue weight, and the sup- 
porting force must be the same. 

The pressure of the nlmoxphere on ench aquare fool must, obriously, be 

equal to 30 cubic inches of merciirr, each of vhich weighs about 0.49 et ft 

pound 1 hence the entire pressure must be 0.4l) x30 = 14.T pounds, on every 

sqnare inch, or 144 times that, equal to about one Ion on every square toot. A 

gas or liquid whicli acts in such a mniiner ns to exert a pressure of 15 pounds on 

every inch of surface, is said to exert a pressure of one atmatphere. 

If, tor example, the elastic force of steam in a boiler is equal to 

90 pounds (6x15), we speak of it as a pressure of six almoapheres. 

The surface of the body of a man of medium siie is about 16 

square feel, or 2,3W square inches; and 3,8CMxl5 -34,560; 

hence a man supports on the surface of his body a pressure of 

nearly 17 tons. This is inseusible, because it is counteracted at 

every point by equal pressures ; since every part ot the body is 

filled with air. When the external pressure Is removed from an/ 

part of the body, either by a cupping vessel or by the ^r-pnmp, 

the pressure from withiu shews Itself by the distention of tlia 

surface. 

111.— THE BAROHETEB. 

126. The baremttter is an instnunent used for 
measuring the preeeure of the atmoaphere. 

In ordinary baromelere, the pressure Is measured by the 
height ot a column of mercury, as in Torricelli's experiment; 
but there are barometers without any liquid, one of which (tlte 
aneroid) is remarkable for its simplicity and portability. 

Tlie cittern Ixiromflfr consists of a flftaight glass tube clo«ed 
at one end, about 33 inches long, filled with mercury, and dip- 
ping into a cistern containing the same metal. 

In order to render the instrument more portable, and the 
variations of the level In tlie cislern less perceptible when the 
mercury rises or falls in the tube, severnl different forms have 
been constructed. Fig. <S'i represents one form of the cistern 
barometer, Tlie apparatus is fixed to a mahogany stand, on the 
upper part of whicli there is a scale graduated in inches tram the 
level of the mercury in the cislern. A movable index, /, shows 
11k- tw, [|,p \Kve\ of the mercury, and a thermometer on one tide indi- 

cates the temperature. In this construction the zero ot the scale does not alwayi 
correspond to the level of the mercury of the cistern. 

129. The siphon baromatar is a bent gloss tube, ooe of the 
branches of which is much longer than the other. The loiiger branch, 
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which is cIoBed at the top, is filled with mercury, a^ in the cistern 
barometer ; while the shorter branch, which in open, serves ns a 
cistem. The difierence between the two levels is the height of the 
barometric column. 

ThU barometei', tu modified by Gay-Lussac, is lepresented in Fig, R4. To ren- 
der it more portable, he joined the two branches by a oapillary tube ; go that, 
when tlie instrument ie Inverted, the tube always remains full in 
conBeqnence of the capillarity, and air cannot penetrate into the 
longer branch. The shorter branch ia closed, but there Ik a 
papillary aperture In the aid.', ii, through vrliich the atmospheric 
prewure is transmitted, Thu bnrometrio height is determined 
by meana of two BcaleH, which liHve a common lero at O, toward 
the middle of the longer branch, anil are gra<li;aled in contrary 
directious, the one from O to E, and the other from O to B, 
either on the tube itself, or on brass rules fixed parall"! to the 
lube. The total height of the barometric column, AB, is the sum 
of the distance from O to A, and from to B, 

The space at the (op of the tube, which is called the 7'orT.'- 
rdlian tncuuvi, must be free, not only from air, hnt from 
aqueous vapor ; and to produce this condition, a small quantity 
of pnre mercary is placed in the tube and boiled (or some time. 
It is then allowed to cool, and a further quantity, previously 
warmed, U added, which is boiled ; and so on, until the tube is 
qnite full. In this manner, the moisture and the air whicli ad- 
here to the sides of the tube pass off witli the mercurial vapor. 

130. The height of the barometric column undergoee 
constant variations, not only from day Co day, but during 
the same day, which arc caused by the expansion or con- 
traction of the air, and its consequent change in density. 

If the temperature of the whole atmosphere were the same, 
no cnrrents would be produced, and at the anme height the 
pressure would, be the same ; but as one part becomes warmer 
than the neighboring parts. It rises, and the prosure is dimin- 
ished. Ill indicating these changes, the barometer becomes a 
iceat/ier glaa ; for in fine weather the mercury rises, and falls 
when there is rain, snow, wind, or storm, or when a storm is 
about t« occur. Watery vapor being lighter than air, the presence 
of large quantities of it reduces the pressure of the atmosphere. 

The v^^ed baronuter, which was invented by Houke, is a 
siphon barometer, and especially intended to indicate these changes in the weather 
(Fig. 65). In the shorter leg of the siphon there is a float whicli rises and falls 
with the mercury (Fig. 66). A string attached to this float passes round a pul- 
ley, ; and at the other end there is a weight, P, somewhat ligliier than the 
floaL A needle fixed to the palley moves round a graduated circle, on whicli 
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are nurked the irords need to indicate the diCfereiit MateB of the ireatlier. When 
the pressure vacies, the float sinki or riMS, uid moves the ueedlo round to the 
corresponding points on the Bcale. 

131. Determination of Height*. — Since tlie pressiire of tbe 
atmosphere diminishes as we ascend from tlie surface of the eartli, 
tbe barometer becomes a means of detemuning the difference be- 
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tween tbe heights of two stations, such as the base and summit of a 
mountain. 

Tlie Instmment ehieflj used for this pnriKise is the aneroid baromrler (Fig. 
67), which derives its name from the Greelc a, withont, and nerm, moidture, 
from tlic fact that no liquid is used in iu construction. It is, therefore, quite 
portable, and can be constructed of such delicacy as to indicate tbe difference in 
pressure and heiglit betweun tlie ground and an ordinary table. It consists of ■ 
rylindrlcnl metal boi, exhausted of nlr, the top l>eing made of thin corrugated 
metal, so elastic that it yields to the sligliteat presBure of tlie atmosphere. WhM 
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this Incretaes, the top Is pressed Inwards ; when it dtminishei, the elaeUcitj of the 
lid, Bided by a spring, tends to idoth it In the opposite direction. These move- 
ments are transmitted, bj delicate multiplying levers, to an index which moves 

I^'.-t,AW OF THE COMPBESSmiLITT OF OASBB. 

Itt2. Mariotte's Law. — Tlie temperature remaining the same, 
tlie volume of a giveii quantity of gas ie inversely as the pressure 
which it bears ; that is, for the same tempera- 
ture, the densitr of a gaa is proportional to its 
pressure. 

This law et thu compressibility of gaeea was dis- 
covered hy Boyle in 1602, and afterwards independ- 
ently by Hariotte in 1G78. Hence, in England it ia 
called "Boyle's law." It may be verified by an appa^ 
ratne contrived by Boyle (Fig. G8). It consists of a 
long gloss tnbe fixed to a vertical support and open at 
the upper part, the other end, which la bent into a 
short vertical leg, being closed. On the shorter leg 
there ia a scale wliioh indicates equal capocitiea ; the 
scale against the long teg gives the heights. The zero 
of both scales ix in the saine lioriiontal line. A araall 
quantity of mercury is poured Into the tnbe, so that 

its level in botli branches may be at zero; this puts • 

the air in the short leg under tlie pressure of the at- 
mosphere, exerted through the open tube. Mercury 
Is then poured into the longer tube until the volume 
of the air in the shorter tube is reduced one-half — 
from 10 to 5; the helglitolthe mercurial column, 
CA, will then be found exactly equal to that of the 
barometer at the time of the experiment, showing that 
the pressure is equal to one atmosphere, which makes 
a pressure of two atmospheres on the airin the shorter 
leg. Thus, bj doubling the preiaure the volume of 
the air has been diminished to one-half. 

The law can he verified in different ways by vary- 
ing the eiperiment as to the amount of pressure. "' 
i^ince water is seven hundred and sevenlj-three times as heavy as air, under a 
pressure of seven hundred and seven ty-tliree atmospheres air would be as dense 
U water. Beyond a certain amount of pressure, however, Mariotte's law Is only 
»pproumatety true. It has been shown that air does not exactly follow this law, 
its compressibility increasing with the pressure. This is true also, to some es- 
J«nt, of nitrogen, carbonic acid, and hydrogen. 



v.— PRBSSmtE UPON BODIBa IN AIB. 

133. When bodies &re immerBed in gases, the preasiir« exerted 
upon them is transmitted equally iii all directions, so that, as in tlie 
case of bodies in liquids, they lose a part of their weight equal to 
that of the lur which they displace. 

The principle of Archimedes is thus equally true for bodies in «ir «nd lor 
those in w^er. Wlien > body U heavier than lir, it will sink ; if no heavier, it 
will Hoat ; if lighter, the body will rise 
in the atmosphere itntll it reaches a 
layer ot the same density » itself ; and 
the force of its tscent will be equtil to 
the exci!B8 of the bnoytuicy over the 
weight of the body. This is the reason 
why smoke, vapors, clouds, and bal- 
loons ris« in the nir. 

An instrument called the barmeope 
(Fig. G9) is nsed to demonstrate the 
loss of weight fai air. It cougists of » 
scale-beam, at one end of which there 
is a small leaden weight, and at the 
other a hollow copper sphere, so ad- 
justed that in the air they exactly 
balance each other. When they are 
placed under the receiver of the air- 
pump and the air withdrawn, the 
sphere sinks, showing that It is In fact 
^*- the heavier, having previously been 

supported by the air. To prove that the loss of weight is equal to the weight of 
the displaced ^r, suppose the volume of the sphere to be 10 cubic inches, the 
weight of which volume ot air is ^.1 gruns ; then. If that weight be addod to 
the leaden weight, it 'will overbalance the sphere in air but uxactly balance it In 

134. Air-balloons are hollow spheres made of some light ma- 
terial, which, when they are filled with heated air or hydrogen gus, 
rise in the air on account of their relative lightness. 

Balloons were Invented by the brothers Mongolfier, who made their first ex- 
periment in France, in 1763, using a balloon forty yards in circumference, and 
weighing 500 pounds. At the lower part there was an aperture, and a sort of 
boat was suspended in which there was a fire to heat the internal air. This bal' 
loon rose to the height of 2,200 yards. Hydrogen gns was substituted for hot air, 
being much safer. Gay-Lussac, in 1804, attained in his balloon a height of 23,000 
feet, at which altitude the barometer indicated otiy 13.6 inches, and the thermom- 
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eter * tempenttire of 16% while on the gronnd it wu 88". The circulation of 
the blood and the respiration were greatly accelerated, Gay-LnsBao's ])Dl9e mak- 
ing 120 pulaatioiu a minute instead ol 06. The aky also had a very dark blue 
tint In 1H6S, Mr. Glaigher, ascending from WoWerhamptoii, in England, at- 
tuned the greateat height ever reached, more than 36,000 feet The barometer 



Fig. TO. FH. 71, 

indicated le«a than 10 inches nt the alUtude of 29,000 fpet, and the mercarj in 
the thermometer descended nearly to zero. Balloong have been used in military 
reeonuoitering (Pig. 70). 

A balloon is made by sewing long bands of silk together, and is rendered air- 
tight by a coating of Tarnish. At the top there is a safety-valve closed by a 
spring, wfaioL the aeronaut can open at pleasure by means of a cord, and thua 
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limit the ascent of the balloon bj letting out the gas. Bj throwing out ballast — 
usually bags of sand^he causes the balloon to rise. The car is formed of light 
wickerwork, and Is suspended by cords to the network which covers the balloon. 
Hydrogen or coal gas is used for inflating it. A grappling-iron suspended to the 
car is employed to accomplish the descent. By this the balloon becomes anchored 
to some object on the surface of the ground, and the balloon is lowered by pull- 
ing on the rope attached to the anchor. 

The balloon, of course, ascends until it reaches a height at which the buoy- 
ancy of the air is equal to the weight of the balloon, and then the latter is carried 
along by the currents of the atmosphere. Tlie aSronaut determines the height 
which he has reached by observing the mercury in the barometer. A long flag 
attached to the car indicates by its position whether he is rising or falling. 

An ordinary balloon, capable of carrying three persons, is 50 feet high and 
100 feet in circumference in the middle, and contains about 20,000 cubic feet 
Such a balloon would weigh about 250 pounds, while the car, rope, and ballast 
would weigh from 100 to 150 pounds. 

135. The parachute is a contriTonce to allow the aeronaut to 
leave the balloon by giving him the means of descending slowly to 
the gi-ound. 

It consists of a large circular piece of cloth, about 16 feet in diameter, and 
which by the resistance of the air is made to spread out, as it descends, like a 
huge umbrella. In the center there is an aperture, through which the air com- 
pressed by the rapidity of the descent partially makes its escape, thus preventing 
dangerous oscillations (Fig. 71). In Fig. 70 there is a parachute attached to the 
network of the balloon by means of a cord which passes round a pulley, and is 
fixed at the other end to the boat or car. When the cord is cut the parachute 
sinks, at first very rapidly, but more slowly as it spreads open, as shown in the 
figure. 

VI.— AIR-PUMP AND OTHER APPARATUS. 

136. The air-pump is an instrument used to withdraw air from 
any given space. By its means, however, the air can only be indefi- 
nitely rarefied, as an absolute vacuum cannot be produced. 

So great a rarefaction of the air can be effected by the air-pump, that it prac- 
tically amounts to a vacuum. Tliis instrument was invented by Otto von Gue- 
ricke in 1650, soon after the invention of the barometer. Its construction is 
shown in Fig. 72. E, the receiver in which the vacuum is to be produced, is a 
bell glass resting on a plate, V, of thick glass ground perfectly smooth. In the 
center of V, at n, there is an opening by which a communication is made be- 
tween the interior of the receiver and of the cylinders P, P. This communica- 
tion is effected by a tube or pipe passing through the body of the plate T, and 
then branching off at right angles, and connecting with the cylinders P, P» which 
are commonly of glass and firmly cemented to the plate T, and in which are two 
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pistons moving air-tight. Ench pisloD is moved bj a rsek, irorlcing with a 
pinion, which ia turned bj the handles H N, so that when one piston is raised the 
other is depressed. Each cylinder ia fitted with a valve so contrived that, when 
Its piston is raised, communication is opened between the receiver and the 
cylinder, and closed when the piston is depressed. Tlius when the pietou ia 
raised, the air ia tlie receiver expands ho as to fill Imth receiver and cylinder ; 
and when it in depressed, instead of being foroud back Into the receiver, it 



escapes, through the valve in the piston, into the open air, and thns thequnnfitv 
of air in the receiver is diminished. This, however, owing to its elasticity, Clls 
the whole space, and consequently a rarefaction takes place, wlilch is increased 
at every stroke of the pump. The location o( tlie valves and the acUon of the 
pistons will lie eeen in Fig. 73. 

It ia clear that as tlie rarefaction increases the pressure on the pistons becomes 
very great, but the pressure on one is very nearly balanced by that on the other, 
so that the experimenter has merely to overcome the difference of the two press- 
urea. Thia is iliu reason that two cylinders are employed. 

nieoreUcally, au absolute vacuum is impossible; for aappose the volume of 
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each cylinder te h ft WM of the receivor, then Che whole apace most be }( of the 
recBiver ; and A of the air is withdrawu at the first stroke ; Vi of the remainder 
at the second ; and so on. Thus there vill alwara be a remnant of air to he 
withdravn. After a certain degree of rarefaction has been attained, tlie elastic 
force of the remaining air becomes too slight to open tlie valviw, and tlie limit of 
the machine is reached. There are many diCFerent conatrnctious of the air-pump. 
137, Uses of the Air-Pump. — Several eiperimeDts requiring 
the use of the air-pomp bave already been referred to : tlie fall of 
bodies in a vacuum, tlie bursting of a bladder by the pressure of the 



nir, the Magdeburg hemispheres, and the baroscope. A few others 
ore here described : 

The fountain in mrim (Fig. 74) is an experiment phowing the elostic force of 
the air. It consialH of a glass vessel, A, provided nt tlie bottom willi a stop-cock 
and a tubtilure which projects into the interior. Having screwed tliis npparatns 
to the air-pump and exliaHsted it of air, the stop-cock being cloned, it la placed In 
a vessel of water, R. On opening the Btopniock, the pressure of the sir upon the 
water in llie vessel makes it ri.iu in the tiibuliire, and spout in the form of a 
fountain. 

If w<! place a lighted tat)er under the rpcciver, llie flame ivill become weaker 
and weaker as the air is rarefied, until it is extingnished. Mammalia and birds 
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BOOH dls in the exhauBted receiver; fish aud reptiles lire gomeirhat longer, and 
insects asTsral Anyt. Tliia Bhows the dependenoe of combustion and life upon 
the oxj'gen of llie air. 

138. Haro's Fountain, which derives its name 
from its inTcntor, Hero, who lived at Aiexandria 
120 B.0-, ilepeuda on the elasticity of the air. 

It connixta ot a brass dish, D (Fig. T-l), and of two glass 
globes, H Bud N. Tlie disli commuiilcatvs with tlie lower 
part of the glohe N b/ a loug tiihe, 6 ; and nnnther tube, 
A, QountiCtH the two globes. A third tube imsses tliroiigh 
the dish D to the lower part of the globe M, This tube 
having l)een token out, the globe M is partly Blled witli 
water ; the tube in then replaced, and water is poured into 
the dish. Tlie water flows through the tube B into the 
lower globe, and expels tlie air, whii-h Is forcfd into the 
upper globe ; the air being thus comjiressed, acta upon the 
water, which in, therefore, thrown out iu a jet, as i<liowti 
In the drawing. But fur the resistance of tlie air and fric- 
tion, the liipiiil wonld rise to a height above the water iu 
the dish equal to tliu differunre of level in th 
globes. 

139. The siphon is a bent tube opeu at both 
eads, with unequal legs, and is used in tmusferring 
liquids from one vessel into anotbei*. 

Being filled witli some li>tuid, aud the two ends being 

closed, the shorter leg is dipi>ed into the liiiuid, as shi 

iu Fig. 70 ; or the shorter leg having been ilijiped into 

liquid, the air is exhausted bv applviug the luotitli al 

A vacuum being thus produced, llie liquid in C rises and 

mis the tube, and will t 

!»■■■ J. — K \ siphon as long as the shorter end dips i: 

the liquid. Tlie continuous Qow is caused 
by the difference iu pressure at C and B. 
At the former it is the atmospheric pressure 
minus the eolumn of liquid C D, aud at tlie 
latter it is the atmospheric pressure minus 
A B ; tlierefore the force acting at B is less 
tlinn tlint at C, and tlie flow takes place, 
which will be nuire rapid in proportion l4 
the difference of level between the twt 

' 140, Pumps are luaehines whicli 

serve to raise water either by auction, 

Fig. m by preaeure, or by both combined. 




II out through the 
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The; are, therefore, divided into auction or li/i pumpt, and suction 
and force pumps. 

141. The various parts entering into the coDBtruction of s pump 
are the barrel, the piston, the valves, and the pipes. 

112. The barrel is a cylinder of metal or wood, in which the pis- 
ton works. The latter is a 
I metal or wooden cyUnder 
wrapped with tow, and 
wortdng with gentle friction 
the whole length of the bar- 
"«■ "■ ««. TO. rel. The valves are discs of 

metal or leather, which alternately close the apertures connecting the 
barrel with the pipes. 

The most oonunoD vtilvea are the eladc rtdm (Fig. 77) and the wnieai mlM 
(Fig. 78). The flret is k metal disc fixed to a liiuge on the edge of the orifice to 
be cloeed, the lower part being covered 
with thick leather. Sometimes it ia 
wholly made of leather. The conical 
valve Is a cone of metal made to fit into 
an aperture of the same shape, lielow 
which Is an iron loop, through which 
paasei a bolt-head fixed to the valre, so 
BB to Iteep the valve In place. 

143. The suction or lift pump 
is one that acts solely by atmos- 
pheric pressure. 

A model of such a pump is representt^d 
In Fig, 79. It consiHts (1) o( a gliiu rylii,- 
der, B, at the bottom of which there is a 
valve, S, opening upward ; (3) of a tiiflum 
(uAc, A, which dips into the reservoir from 
which water is to be rused ; (3) of a pit- 
Ion, which is moved up and down by a rod 
worked b; a handle, P. The piston la 
perforated hj a hole, and the upper aper- 
ture is closed by a valve, O, opening up- 
ward. When t)ie piston ristis, a vacuum 
it formed below it, for the valve O is ' 
closed bj the presaure of the air above it, 

while the air rising through the tube A to Fla TK. 

fill the vacuum opens the valve 3. When 

the piston descends, the valve S is closed, and the air in the cylinder Is forced 
through 0, and escapes by the pipe C. In a few atrokea the air is ezhauated. 
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and the water riwf (is sucked up) hy atmospheric pressure on the surface of the 
water in the reflerroir, provided the suction tube does uot exceed 26 to 28 feet. 
The atmoepberio pressure eapports a liigker colamn, but the vacuum In the bar- 
rel is not complete, because the piston does not exactly Bt on Ihe bottom of the 
barrel. When the water lias passed the piston, it is raised by the ascending force 
of the latter, and the height to which it rises depends on the force witli which 
the piBton ia moved. 

144 The auotlon and foroe pump is a pump the actioti of 
which depends on both exhaustion and pregsure. 

In Fig. 60, At the base of the barrel, where it is connected with the tube A, 
there 1b a valve, S, which opens upward ; at u there is an aperture luftding Into 



a jdpe which communicates, through the upward valve 0, with the air-f/iamber 
H, with which the tube T> ia connected. When the piston B, which is solid, rises, 
il forms a vacuum, and the water rises into the cylinder ; when it descends, the 
valve S cloHHs, and Ihe water in forced through o into the air-chamber, and the 
pressure of the air forces it up D in n continuous stream. Without the air^bnm- 
ber, the stream would be intermittent, for the llow would cease at every ascent 
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of tha piilon B. Bnt the preimnrs of the wkter on the ^t ot the ■Ir^chambflr 
OAUMB a reaction which makes the Sow continaoue ; giuce, when the force of the 
piston iB withdrawn, the air reacts on the water and raiaoi it in the tube D, until 
the next deacent ot the piston takiifl place. 

In this kind of pump, the force required to raise the piston, when the pipe is 
SHed to the spout, is eqnal to the weight of a column of water the height of which 
it equal to the vertical distance between the spout and the surface of the water 
Id tha reservoir, its base being equal to thai of the piston. 

146. The flre-engl no conaisU of two force pumps working alter- 
nstel;. 

Th« two pumps m and n (Fig. 81), worked b; the same lever P Q, are 1m- 
m«ned iu a tank which ia kept filled with water aa long aa the machine ia in 



operation. When one pump, aa n, draws water from the tank, the other, m, 
forces it lnt« tha air-^hnm&er R, whence, by the orifice Z, it passes into the de- 
liver; tube, bj which the stream can be turned in any direction. The air^ham- 
ber R acts as in the suction and force-pnmps (Fig. SO), causing a coutinuons flow 
by the reaction of the idr agtdnst the presBure of the water forced into iL 
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SYNOPSIS FOR REVIEW. 

r I. — Properties of Gases, or Elastic Fi^ums. 

1. ExparmbUUy. 

2. ComprembiUty, 

3. Weight. 

II.— The Atmosphere. 

1. CompodHon. 

2. Extent 
8. Pressure. 

1. How indicated. (Magdeburg hemiiipheres.) 

2. Amoant. (Torricelli's tube.) 

m. — ^Thb Barometer. 

( 1. Cistern barometer. 
1. Construetiaa : \ 2. Siphon barometer. 

( 3. Wheel barometer. 

o 77k* . ^^' ^^ * weather glam. 
^. use. y^ To determine heights. 

8. Aneroid Barometer. 

IV. — Law op GOMPRESSIBIIilTY. 

MariotWe or Boyle's Law. 

1. How illustrated. 

2. How verified, 
mi 3. Exoeptions. 

^ v.— PRF^SSURE UPON BODIES IN AlR. 

1. Law of. 

1. Baroscope. 

2. Principle of Archimedes, 
f 1. Invention of. 






I 2. Heights attained in. 



l: 



2. BaUoons : s 3. Phenomena observed in. 

4. Use of. 

5. Construction of. 

o n» *- * O' Construction of. 
8. Birachute: j^ ^se of . 

! VL—AiR-PuMP AND Other Apparatus. 

( 1. Construction of. 

1. Air-Pump : < 2. Vacuum produced bjr. 

(3. Uses of. 

2. Fountain in Vaeuo. 

3. Hero's Fountain. 

4. SipJum. 
( 1. Suction or lifting. 

5. Pumps : < 2. Suction and force. 
( 3. Fire-engine. 

A 17^7^. . J 1- Clack. 

6. Valines: j^. Conical 
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APPLICATION OP PRINCIPLES. 

Ihtplain the following phenomena : 1. Why, in order to draw ale or cider from a 
barrel, there mnst be a vent-hole in the npper part. 2. The paaaage of the air into the 
lungs when the chest is expanded. 3. How the boy is able to lift a heavy stone with a 
leather-sucker. 4. Why the water flows continuously through a siphon. 5. Why the 
parachute descends slowly from a balloon. 6. Why a pump cannot be used to draw 
water from a well 50 feet deep. 7. Why the glass tube in a barometer must be more 
than 28 inches long. 8. A person pasted a piece of paper on the inside of the bottom 
of a tumbler, and plunged the tumbler vertically into a pail of water ; and on taking 
it outf found the paper drf/. 0. Why the surface of the skin is raised by a cupping- 
glass. 10. Why a tumbler being filled with water, and a piece of card placed over it, 
when the tumbler is carefully inverted, the water is held in by the card. 11. When a 
person sucks a fluid from a vessel through a straw, what force carries the fluid up the 
straw. 12. Why a fire-balloon rises in the air. 18. What the force is that drives the 
pellets from a pop-gun. 14. How the common syringe acta. 15. Why carbonic acid 
gas can be poured from one vessel into another. 16. Why hydrogen gas is used in 
balloona 17. Why a liquid cannot be poured from a teapot having an air-tight lid. 18. 
Why a gurgUng sound is caused by pouring a liquid from a bottle. 19. Why the fall 
of the mercury in the barometer indicates a coming storm . 20. Why the height of the 
column of mercury in the barometer is less in foggy or misty weather than when the 
air is clear. 21. Why bubbles rise to the surface when we put a lump of sugar into a 
cnp of tea or coffee. 22. Why the stream is continuous in a suction and force-pump. 

PROBLEMS FOR KXKRCISK 

I. 'What is the weight of 2y.;^ cubic feet of air ? 

3. A vessel full of air weighs 966 grains ; bat when exhausted, it weighs 930 grains. 
What is its capacity in cubic inches ? 

3. If, under the pressure of one atmosphere, a certain quantity of oxygen gas occu- 
pies 27 cubic inches, what space would it occupy under a pressure of 2)^ atmospheres * 

4. What is the total pressure on the piston of a steam-engine 80 inches in diameter, 
when the force of steam is equal to 3,^^ atmospheres ? 

5. What is the total downward pressure of ths atmosphere on the roof of a house 
50 feet by 20 feet? What is the upward pressure V 

6. When the mercury in the barometer stands at 29)4 inches, how high a column 
of water will the atmosphere support, the specific gravity of mercury being 18.6 ? 

7. If, under the pressors of one atmosphere, a certain quantity of hydrogen gas 
occupies 50 cubic inches, under what pressure would it occupy 30 cubic inches ? 

8. If the pressure on a pair of Magdeburg hemispheres is equal to 1,620 pounds, how 
many square inches are contained in the surface of each, the vacuum being .916 ? 

9. To what height could a liquid the specific gravity of which is 1.43 be raised by 
a common suction pump when the mercury stands in the barometer at 29}^ inches? 

10. A rectangular air-tight box, 6 inches long, 4 inches wide, and 8 inches deep, 
was partly exhausted of air, the top being pressed in when the vacuum within it was 
.375. How much pressure did it withstand ? 

II. How many pounds pressure would there have been on the top and aides, if the 
vacuum had been .65 ? 

12. In a theoretically perfect air-pump, what degree of rarefaction is produced by 
12 strokes, the volume of the receiver being twice that of the barrel ? 



CHAPTER V. 
ACOUSTICS. 

L— PBODUCnON, PROPAGATION, AND REFLECTION OP SOUND. 

146. Aooustios is that branch of physics which treats of sound. 

It is to be distinguished from munCy which treats of a particular class of 
sounds, and their production and combination to express or excite pleasurable 
emotions ; while acoustics explains the physical laws iiuderlying all phenomena 
of this kind. 

147. Sound is a peculiar sensation excited in the organ of hear- 
ing by the vibratory motion of bodies, the effects of which are trans- 
mitted to the ear through an elastic medium. 

Sound is to be distinguished from the vibrations which produce it. Being 
a sensation, it could have no existence without that of an organized being to 
perceive it ; though, of course, the vibrations might occur. Nor could it exist 
without an elastic medium to convey the vibrations to the sentient organism. 

148. Sound Is caused by the rapid vibrations which take place 
in the molecules of bodies, when they are disturbed by a shock or hj 
friction. 

These molecules thus agitated tend to regain their normal state of equilibrium, 
which they do not reach until after performing many vibrations, or movements 
to and fro, of constantly decreasing amplitude. 

Vibrations of sounding bodies are easily made visible. If a light powder be 
sprinkled on a body which is emitting a musical sound, the particles of the 
powder will arrange themselves in particular forms. The vibrations of a 
stretched cord when producing sound can sometimes be seen. 

149. Sonorous bod les are elastic bodies which are capable of emit- 
ting regular and continuous sounds. These sounds are usually 
called musical sounds. 

Such sounds are distinguished from jioises. The latter are either confused 
mixtures of many discordant sounds, or of very short duration, as the report of a 
cannon. All sounds may, however, be considered as having a musical value, 
more or less determinate* 
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150. Seunda are propagated by an elastic medium iuterpoaed 
between the ear and the aonorouB bodj, with the latter of which it 
Tibratea. This medium is usually the air ; but all gosee, vapors, 
liqaids, and also solids, transmit sound, more or less readily. 

Tlie fullotriiig i^ijierimeiit will illuitrate 
this: Place > gm>ll metal bell, which is con - 
linuallj struck by a liaiumer moTed by clock- 
work, aa ill alarm clocks, under the receiver of 
an air-pump (Fi):. 82j ; and it will bo found that 
M the air \s uxbaust^d, the sound itradually 
becomes iiiauiliblp. To prevent the sound from 
being transmitted through the plate, the bell- 
inachlne must be placed on wadding. If any 
vapor or gas is adiiiitleil into the exhausted rp- 
ceiver, the sound will be ngnin heard, showing 
thai this, like air, may 1«' a medium for the 
propagation of sound. 

151. Soimd in propagated by liquids 
nud solids with a much greater velocity 
than by air or ouy other elastic fltud. 

When two bodies strike i^iainst each other, 

under water, the shock is lieiii'd with great dls- 

tiuctness. The diver ill the depths of the water 

can hear tiie sound of voieei' at the surface. 

The Bcratchlng of a pin or Ihe ticking of a watch at one end of a board is qnite 

audible when the ear is placed close to the ulher end. Personx siimellmes put 

their ear close to the railroad track to hear the sound of a distant train. 

162. Tbe Intensity of sound is affected by (1) the distance of 
the sounding body, (2) the amplitude of the Wbrations, (3) the 
density of tbe air where the souud is produced, (4) the direction of 
tbe currents of air, and (5) the neighborhood of other sounding 
bodies. 

1. TTSe inlennilff of »ounrl in tiirermig i" llir tq»<ier of the dubiiitf. of Ihf. 
miiMing Msf"'"* If" f"r. That is, for double the distance the inleiisily of the 
sound 1b only one-fourth. Tlie diiitniice at which sound! ran be heard depends 
on their intensity. Tlie report of a volcano at St. Vincent was heard at 
Demerara, 300 miles awny ; and the sound of the cannon at Waterloo was heard 

2. The inlfTUitg of tonivl inrraitet ttilA the umpiitiuU /^ fhe rAnttiom of tie 
mtnoroiu body. This may l>e aeen lo a certain extent by means of vibrating 
cords; tor, if they are lonR, the oscillations are visibie; and it is seen that the 
■oand becomes less intense as the amplitude of the oscillations diminishes. 

3. Ttte inUntity oftoUJid m affected 6y tlu denntg oflM air. This has already 
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been tiho«n hy means of th« experiment witli the bell under llie receiver of tlie 
nir-piimp (Fig. 82). In liydn^en, wliicli ifl about |\ Ibe deneity of air, ionnds 
ore much feebler; in carbonic acid, the density of which isl.SSt), compared with 
air, toutids are more intense. On liigh mountains, nbere llie air jei rarelled, 
ordinary speaking ia scarcely audible, and the discharge of ■ pistol produces a 
sound as feeble as that of apoji-gun. On the other hand, in water, the ticking 
of a wat«h is licard at the distanoe of 33 feet, while in air it can be heard onlf 
10 f«et. 

4. The i>iln<nty o/touud u nffeeteil hg tin' fitrre and liireefiin of the idiut. 
Thus, in calm weather, sound is propagated more readily than when there in 
wind. Of course sound is 

more intense in the direction 
of the wind than gainst it. 

5. fy/'iiid 14 rendered Mon: 
iitleiitif by the jtrarimitf/ ^ a 
mnorout In/dg. A string that 
vibrates in trw nir emits but 
a feeble sound ; but, wheu it 
ribrates above a sunnding- 
box, as in the violin, gnllar, 
etc., its soand is much more 
inteuxe. This in due to the 
fact tliat the box aud the air 
whicli it coiilains vibrate In 
unison with the strinjc. 

Tliia principle is illus- 
trated by the followlug ex- 
periment : A hemispherical 
bratis vessel, A (Fig. SS), iv 
Hit in vibration by means of a violin liow ', near it tliere ix n hollow card-board 
cylinder, B, closed at the farther end. By means of a handle thia cylinder can 
1w turned on ita HupiKirt, so as to I* inclined at any given degree toward the 
vessel. Tlie .yliuder is Hxed on a slide, C, by wlilch it can be placed at any 
distance from It When llio vessel is made to vibrate, with tlie cylinder turned 
toward it, the strengthen ini; of the sound ia very remarkable ; while, if the 
cylinder i« turned away, tlm Bound loses a great jwrt of its iillenaity. Tlie cylin- 
der is made to vibrate in uuison with tlie braas veseel by adjiisling it to a oertain 
depth, this being effected by making one part slide into the other. ^ 

133. Spea king-Tubes. — By the xiee of tubes the eflect of diB- 
tance in diminishing the intensity of sound may be to )t gent extent 
cotinteracted. This is seen in the use of g/teal-ing-tabea. 

In this case the sound-waves are conHned, and thus transmitted with little 
alteration. In very large tubes, or where the sides are rough, the advantage is 
much diminished. 

The retodty iff »ouu4 iu air, at a temperature of 63° F., is 1,125 feet in a 
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secoud, or about 51 milefl in four minutes. In water the velocity is about four 
times as great ; in iron, nearly fifteen times as great. 

The fact that sound requires a certain amount of time to travel from one 
place to another is illustrated by numerous phenomena. For example, the 
sound of thunder is not heard till some time after the flash of lightning which 
caused it ; and, if we look at a mason at a distance striking a stone, we shall see 
the blow before we hear the sound. The superior conductivity of solids can be 
illustrated by placing the ear against a rock in which, at a distance, blasting is 
being made, when two sounds will be heard separated by an interval, the one 
being the sound of the hammer transmitted by the rock, and the other the same 
sound conveyed more slowly by the air. 

154. The velooity of all kinds of sounds, whether strong or 
weak, deep or acute, is the same, provided the temperature remain 
unchanged. 

Tlie experiments of Biot on the conductivity of sound in tubes proved that 
a tune played on a flute at one end of a tube 1,040 yards long, could be heard 
without alteration at the other end ; and a tune played at a distance by a band 
in the ox>en air is heard unaltered except in distinctness or intensity. This, 
obviously, would not be the case, if some sounds traveled faster tlian others. 

The sound produced by a violent explosion or concussion seems, however, to 
travel more rapidly than one of less strength. In artillery practice it has been 
observed that persons a long distance from the gun heard the report before the 
officer^a command reached the ear; and experiments in blasting rocks have 
shown that the heavier the charge of gunpowder, the more rapidly the report 
traveled. 

If a medium through which sound travels consists of different substances, 
the communication is enfeebled. Thus soft earth conducts sound badly, while 
a hard comi>act mass conducts it well. 

155. Reflection of Sound. — ^When the sound-waves are not 
obstructed, they pass onward in the form of concentric spheres ; but 
when they meet with an obstacle, they return upon themselves, form- 
ing new concentric waves, seeming to proceed from another center 
on the opposite side of the obstacle. This gives rise to the reflection 
of Boimd. 

This phenomenon is illustrated in Fig. 84, which represents a series of sound- 
waves striking against the surface P Q, from which they are reflected. For exam- 
ple, the incident wave M C D N, emitted from the center A, is reflected in the 
wave represented by the arc C K D of a circle, the center, a, of which is as far 
behind the obstructing surface as it is before it. If any point, as C, of the re- 
flecting surface be joined to the center of reflection, and a perpendicular, G H, 
be drawn, the angle A C H is called the angle of incidence, and B G H, formed by 
the prolongation of a G, the angle of reflection . Tliese two angles are always equal, 
and the incident and reflected rays are always in the same plane, perpendicular to 
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re which moves in the direction A G Is re- 
t person sttnated >t B, hears not only the 



156. Ad echo is the repefitioii of a sound in the air, caused by its 
reflection from some obetnicting surface. 

The reflecting surface muHt be fur enongh for ns to di«tingaish the echo from 
the sonnd itself. If the Bound be sharp tmd quick, a distance of OS feet is suffi- 
cient ; but for articniate Bounds, it must be at least 112} feet. Because one can 
pronounce or liear five sjllables in a second, or 22o feet for each ajllable, 1,125 
feet per second being the velocity of sound ; and if the reflecting surface be 113^ 
feet distant, the sound in going and returning will trnvel just 22<') feet. At that 
distance, onlj the last syllable of a word or senteuce would be beard -, at three 
times that distance, three syllables ; and so on. 

When the distance la too short for the reflected sound to be heard, it hlenda 
with the direct sound, which is strengthened thereby. This is called retonancf. 
Thus the bare walls of a room increase resonance, white tapestry or hangings, 
being bad reflectors, deaden the sound. 

167. Multiple eohoe* are aereral successive repeUtions of the 
same sound hy reflection from diflerent surfaces. 

There are echoes which repeat the same soand a large number ot times. In 
the chateau of Simouetta, in Italy, an echo is repeated thirty times. In Fairfax 
County, Va., there is an echo which will return twenty notes played on a flute. 
Curved surfaces concentrate, or focalize the sound, as well as reflect it, all the 
different reflected waves being directed to a single point. In the irhitpering gaU 
hry ot SL Paul's, London, the faintest sound made in one port ot the dome may 
be heard at the opposite ride, though inaudible at every intermediate point. In 
a drcnlar bailding called the Coloaseum, in London, Wheatatone, placing him- 
■elf cloae to the upper wall, found a word to be repeated a great many Umes. A 
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single exclamation, ha ! became a peal of laughter, ha, ! ha ! ha ! while the tear- 
ing of a piece of paper sounded like the patter of hail. 

158. The speaking-trumpet, used to make the voice audible at 
a great distance, is an application of the reflection of sound. 

It consists of a tube tapering outward, terminating in a short spreading tube 
at the end (called the beU)^ and supplied with a mouthpiece (Fig. 85). The 
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sound of the voice is thrown outward by reflection from the sides, and appears 
also to be strengthened bj the vibrations in the tube. The ear-trumpet is merely 
an inverted speaking-trumpet, as H collects the waves of sound and reflects them 
into the ear. 

159. The stethoscope is an instrument used to hear the beating 

of the heart, or the sounds of respiration of the lungs. 

An improved form of this instrument is represented in Fig. 87. Two sheets 
of india-rubber, c and a (Fig. 86), are fixed to the circular edge of a hollow metal 
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hemisphere. Tlie edge is provided with a stop-cock, that the sheets may be in- 
flated, so as to present the appearance of a double convex lens, as shown in Fig. 
87. To the hemisphere is fixed an india-rubber tube, terminated with an ivory 
ear-piece. When the membrane is applied to the chest, the sounds of the lungs 
or heart are transmitted to the air in the chamber c tf , and thence by the tube to 
the ear. This process is called au-scidtation. 



II.— MEASUREMENT OF THE NUMBBB OF VIBRATIONS. 

160. Various instruments have been devised to measure the num- 
ber of vibrations in a second required to produce a particular sound, 
such as a jnusical note of a certain pitch. 
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Tb&t invented by the French phjsiclat SBvart cansiatB of a toothed wheel, 
made to reTolve with great tapidity, against nhioh a card it held, until it U Mt 
vibrating, and thus made to emit the tone BpeciHed, wlien an indicator ahowatha 
number of revolutions of the wlieiil, and this number multiplied bj the number 
of teeth in the wheel gives the number of vibrations of the card dating the 

The tirene (Fig. 88) is nii apparatus devised tot the same purpose. The lower 
part consists of a cylindrical box, O, closed by a Axed plate, B, on nliich rests a 
vertical rod, T (Fig. 00), having attached to it a disc, A, moving witli the rod. 
In this disc there are equidistant circular holes, and the same in the pUta B, 
corresponding to them in position, but inclined in opposite directions, as shown 
at M and n (Fig. 89). Tlie machine being placed on the table of a bellows, and a 
continuous current of air seut through the cylinder O, when the current passes 
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through m it strikes obliquely against the fides of thn hole " .ind gives a rotatory 
motion to the disc. If, for example, there are eighteen holes in the movable 
disc, in every revolution these eighteen holes and those of the ptale B will come 
opposite to each other eighteen times, Allowing the air to pass througli. Tims 
each revolution will cause eighteen vibrations of the air ; and, when tlie rotatory 
motion is sufficiently rapid, a musical note is produced, high or Jow, according 
to the number of vibrations, which call easily be ascertained for a given time, 
say, a second, by knowing the number of revolutions of the disc. For this pur- 
pose an endless screw on the rod T [Fig. 90) transmits the motion to a wheel, n, 
having one hundred teeth, moving thus one tooth at every revolution of the 
disc ; while, at every complete revolution of this wheel, the catch P moves the 
wheel b one tooth, A hand fixed at the axis of each of these wheels moves round 
a dial, as shown in Fig. 08, one giving the number of turns of the disc, the other 
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the bnndreds of tumB. The Bcrem D uid C uncouple the wheel a from the end- 
lenscrew. When the desired note ia prodaeed, the aatDber of vibrationaUretd 
o9 from the dials. 

With the Mme Telocity, the elreue gives the same uotu in other gwee as in air, 
and ftUo la water, Bhowlng that the quality of tb« sound depends on the number 
of vibrations, and not on the natare of the medium of tranamisaion. This in- 
strument received its name'M'rvn^, because it emits sounds under water.* 

161. A b«llewa, in acoustice, is an apparatus by which wind in- 
Btniments, such as the sirene and organ, are worked. 

Between the legs of a Uble, the pair of bellows 8 (Fig. 91) ts worked bj 
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the pedal P ; R is a reservoir tanned by flexible leather, containing air, which, 
by means of pressure on the reservoir, communicated by the rod T, is forced 
through a pipe into a chest, in n, flxed on the tnble. In this chest there are 
small holes, each closed bj a leather valve, *, which is held by a spring, r, aud 
1b opened by pressing on a pin, n, in front of the box, 

* It wai named after the mjthioal tirtn*. damseU dwelling in the Hedit«naiiBaii 
Bea, near the island of Caprea, who were said to fascinate all who anproached them 
by tfadr ddlghtfnl mnuo. 
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162. The graphic method of detennimng the niimbeT of Tibm- 
tions proper to a particular sound condsts iu fixing a fine point to 
the body emitting the sound, and causing it to trace the vibrationa on 
a prepared surface. 

Bach > machine called a ribroteopf, is Bhovu in Fig. 92. Bound lli« cylinder 
A, turned hj means of a handle, the lower part of the axis being a Borew work* 



iug in a nut, is rolled ■ sheet of paper covered with lampblack. To (lie tuning- 
fork D, or the iteel rod G, is fixed a flue point, so as lo grue very lightly the 
sarface o( the cylinder. When either of these is set in vibration, and the 
cylinder turned so aa to cause It to move up or down, a line is traced which 
Rhoiis by its undulations the vibrations made. (See the adjoining cut, showing 
the sheet of paper unwound from the cjliuder.) 



m.— PHYSICAL THBOBY OF MUSIC. 

163. MualoBi sounds result from continuous and uniform vibra- 
tions, above a certain degree of rapidity, which in necessary in order 
that they may be perceived by the ear. Musical sounds have three 
leading quahties : pitch, intensdy, and character. 



94 PHYSICS. 

TTnif onnitj and rapidity are the essential qualities of vibrations that produce 
musical sounds. If a watch could be caused to tick with sufficient rapidity, the 
ticks would blend, and produce a musical sound. If, says Tyndall, the puffs of 
a locomotive could be so increased as to number fifty or sixty a second, the ap- 
proach of the engine would be heralded by an organ peal of tremendous power. 

PUeh depends on the rapidity of the vibrations ; tufefmty, on the extent, or 
Am])litude, of the vibrations ; character^ on the substance or instrument produc- 
ing them. Tlie greater the number of vibrations in a second, the higher the 
])itch. 

Chariteitr is called timbre by the French, and color by the Germans. The 
character of a note, G for example, is very different when produced by the 
human voice, a piano, or a violin ; yet it may be precisely the same note. When 
Hounds produce the same note, however different the character of the tone may 
be, the effect is called unison, 

164. Musical sounds are produoed by the vibrations of strings, 
and by columns of air in >vind instruments, reeds, etc. 

165. Tlie vibrations of strings, which are commonly of catgut, 
as those of the violin, or steel wire, as in the piano, are trans^e^'se or 
longitudinal ; but the former are alone important Tliej are produced 
by drawing n bow across the stiing, by striking it, or by jerking it 
sharply, as in the guitar and harp. A single stretched string is 
called a monochord, 

166. Tlie sonometer, or monochord, is an apparatus for study- 
ing the transverse vibrations of strings. 

Tliis instrument is represented in Fig. 98. The string is stretched over two 
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bridges, A and D, by means of a pulley, n, over which it posses, sustaining the 
weight P, which can be increased at pleasure. Tlie bridges rest on a sounding- 
box ; and by means of a movable bridge, B, the length of the string to be vi- 
brated can be altered. By means of this instrument, the following laws have 
been established : 
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1. The tenBion remaining the same, the number of vibrations in a second is 
inversely as the length. 

2. The number of vibrations in a second is inversel/ as the diameter of the 

string. 

8. The number of vibrations in a second is directly as the square root of the 
tension, or stretching weight. 

4. The number of vibrations in a second is inversely as the square root of 
the density of the string. 

If we place the bridge B (Fig. 03) at the middle of the string, we shall find 
that one-half of it will have twice the number of vibrations in the same time ; 
and the note produced will be an octare above that produced by the whole string, 
called its fnndameiital note. The lengths for other notes are ascertained in a 
similar manner. 

167. The musical scale contains seven notes designated by the 

first seven letters of tbe alphabet, from A to G, inclusive. These 

notes are produced by the vibrations proper to the following relative 

lengths of the string, taking as the fundamental note : 

C, D, B, P, G, A, B, c, 

1 ft * f I 2 hi 

The notes C and e so closely resemble each other that they are thus called by 
the same name. The interval between C and r is called an octave because e is 
the eigJUh note above the fundamental, and is the first note in the second octave. 
C is an octave below c ; and, conversely, r is an octave above 0. 

As by the first law the number of vibrations is inversely as the length, the 
following will indicate the proi>ortion of vibrations for each note : 

C, D, B, F. G, A, B, f, 

1 ft » i I f V a 

Or, reducing to whole numbers by multiplying each by 24 : 

24, 27, 30, 32, 36, 40, 45, 48. 

Hence the intervals may be represented by the following fractions, each 
expressing the ratio of the note to the one preceding it : 
GtoD, BtoE, EtoF, FtoG, GtoA, AtoB, B to C, 
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ifl 



We thus see that the intervals between C and D, F and G, and A and B are 
the same ; as also between D and E and 6 and A, and between £ and F and B 
and C. The intervals between the third and fourth and between the^venth and 
eighth are much shorter than the others. These are called semi-tones^ or minor 
tones ; while the others are ione»^ or m€0or tones. Tlie tones, as will be seen, 
differ by an interval, indistinguishable except by a highly cultivated ear. This 
interval is sometimes called a comma. The above represents what is called a 
diatonic major scale.* 



* '* PythagoraB, who was the first to attempt the nomerioal evaluation of musical 
intervals, laid down a scheme of vaioei slightly different from that which is now 



96 



PHYSIOS. 



The wave length of a given note may be deduced from the number of vibratioiiB. 
Since sound travels at the rate of 1,120 feet a second, the wave length will be 
1,120 feet divided by the number of vibrations in a second. Thus, if tho 
number of vibrations per second be 560, the wave length will be 1120+560=2 
feet. While according to Helmholtz, the notes distinguishable by the ear range 
between 16 and 38,000 vibrations, or eleven octaves ; those which are musically 
available range from about 40 to 4,000 vibrations, or within seven octaves. 

168. Nodes are certain stationary points at aliquot divisions of a 
string, between which the parts tend to yibrate. 

Let us suppose the string A D (Fig. 94) to begin vibrating ; and while in 
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vibration let a point, B, be brought to rest by a stop, D B being one- 
third of A D ; the result will be that not only will D B vibrate independently, 
but A B will divide itself in halves, each part vibrating separately. If D B were 
one-fourth of A I) (Fig. 95), the remaining portion would vibrate in three sep- 
arate parts : the whole string vibrating in fourths. The points B, C, C are called 
nodes; and the parts of the string between them, laofs. A vibrating string being 
toudied lightly at any one of its nodes, is thrown into vibrations proper to each 
loop. Thus, conceive a vibrating string to be divided into seven equal parts ; 
then, if the string be touched at any one of the points of division, the note pro- 
duced will be the same as that emitted by a vibrating string one-seventh of the 
length. Such notes are called hirmonics. 



generally adopted. According to him, the intervals between the BuccesBiye notes of the 
major scale are aa follows : 

CtoD EtoP GtoA BtoC 

I s fj} § 1 s m 

In the ordinary system, the prime nombers which enter into the ratios are 2, 8, and 
5; in the Pythagorean system they are only 2 and 3 [as 9=S>; 8=2>; 256=2«; and 
243^=3*]. Hence the intervals between any two notes of the Pythagorean scale can be 
expressed as the snm or difference of a certain namber of octaves and fifths. In taning 
a violin by making the intervals between the strings two fifths, the Pythagorean 
scheme is virtually employed."— 2>escAaner 
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The Eame Um are applicable to wind InEtm- 
ments, the only difference being that the Tibra- 
tiona ocuur in a columu of air within the inelru- 
ment Instead of a string. The colQinti of air ii 
xliortened or lutigtlioued by the xtepa, and similar 
nodes and looiut cxiitt as in vibrating strings. 

169. Reed Instrumeot* are those 
in which a simple elastio tongue is used 

to set the air in vibration, the tongue, or j. 

reed, being moTed by a current o( air. 

The mouthpieces of the oboe, the busoon, 
and the clarionet are applications of the re«d, 
which are seen in its simplest form In the Jews' 
harp. Some organ pipes are reed pipes, others 
are month pipes. 

The model of a reed pipe ia represented In 
Fig. 9e. It is fixed on tlie wind-chest Q of a 
bellows; and tlie vibrations of the reed can be 
■ean tlirough a piece of glass, E, fitting into the 
side. H is a wooden horn, which serves le 
strengthen the sound. Fig. 07 shows the reed 
ont of the pipe. "«■ »*■ «« "■ 

IV.— ANALYSIS AND EEPBE8BNTATI0N OF VIBRATIONa 

170. Vibrations of Plates. — The nodnl points and lines of 
vibrating plates ma; be esbibited to the eye by covering the plat«s 
with fine sand and setting them into vibration. 
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Fix a plate in the center, as in Fig. 98, and having covered it with fine sand, 
draw a bow rapidly across one of the edges ; or fix it at some other point, and 
canse it to vibrate by rapidly drawing a string covered with resin against the edge 
of a hole in the center (Fig. 09). As soon as the vibrations commence, the sand 
leaves the vibrating parts, and collects at the nodal lines and points Tlieir posi- 
tion may be determined by touching the vibrating plates at the points where it is 
desired they should be shown. The figurea thus formed are sometimes called 
aeau^ic figures, 

171. The number of vibrations in plates of the same kind and 
shape, and giying the same system of nodal lines, is directly as the 
thickness of the plates, and inversely as their area. 

Gongs and cymbals are examples of instruments in which sounds are pro- 
duced by the vibrations of metal plates. 

172. The vibrations of membranes stretched, as in the drum, 
cause a sound which is acute in inverse proportion to the area, and 
directly as the tension with which they are stretched. 

In Fig. 100, the membrane is represented as set in vibration by the vibration 
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of the air caused by a sounding-bell near it. Fine sand strewn upon it shows 
the nodal lines, as upon the plates. Membranes are easily infiuenced by the 
vibrations of the air, on account of their small mass, large surface, and readiness 
to subdivide. With a pretty strong whistle, nodal lines may be produced in a 
membrane stretched on a frame, at the distant end of a large room. 

173. Interference of Sound. — If two waves of sound of the 
same length proceed in the same direction, and if the undulations 
coincide, they strengthen one another ; but, if they differ by half a 
wave length, they neutralize one another, and the result is silence. 
This is called the intaference of sound. 

174. Visual Representation of Sounds. — The vibratory mo- 
tion of bodies may be exhibited to the eye, either directly or on a 
screen by means of the ingenious apparatus here described. 
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Tooneoftheproogsof a tuning-fork nBm>11 mirror, m (Fig. 101),lBBttMlie<l, 
waA to the atlter a oounterpoise, «, which is required to make the tuning- 
fork vibrate regular!/ for a sufficient time. At a few yards' distaiice from the 
mirror, there is a lamp surrounded b; a dark chIiDue}r, in which is a small hole, 
giving % single lumiuous point. The tuning-fork being at rest, the e;e is placed 
so (hat the luminous point is seen in th« direction of n. When the tuning-fork 
ia made to vibrate, the image elougntes so as to form a persistent image, o i, which 
diminiahes as the amplitude of the viliration decreases. If, during the vibration 
of the mirror, the tnning-fork is rotated, a sinuona line, a i' .r, ia produced. 



If, instead of viewing these effects directlj, thej are projected on the Mraen, 
the experiment is arranged as shown in Fig. 102. Tlie pencil reflected from the 
vibrating mirror ia reflected a second time from a fixed mirror, ni, which sends it 
toward a lens, I, placed bo as to project the images on the screen. By different 
applications of this method, rnrious combinations of two vibratory motions maj 
be optically presented on the screen. 

176. The phonautograph ia au instrameut used to register the 
yibrstiona of solid bodies, of wind instruments, of the human voice 
in singing, and even those made by the report of firearms, or of 
thunder. It was invented by Lfon Scott, it French physicist 

Tliis apparatus, represented in Fig. 103, consists of on ellipsoidal hand AB, 
made of plasCer-of-Paris, about 18 inches long, and a foot in diameter at its thick- 
est part. The end A is open, but the eud B is closed by a solid bottom, to the 
middle of which is fixed a brass tube, a, heat at an elbow, and terminated by a 
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ring on which is fixed a flexible membrane, that may be stretched to any re- 
quired degree by means of a second ring. Near the center of the membrane, 
fixed by sealing-wax, is a hog's bristle, which acts as a style, and moves with the 
membrane. When a sound is produced near the apparatus, vibrations in unison 
with it are produced in the air in the elipsoid, the membrane, and the style ; and 
these are recorded on the paper wound around the cylinder C, as in the vibro- 
scope (Fig. 02). In Fig. 104 is seen the trace when a simple note is sung, strength- 
ened by means of its upper octave, the latter note being represented by the curve 
of smaller amplitude. Fig. 105 represents the sound produced jointly by two 




Fig. 104. 




Fig. 106. 
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pipes, the notes of which differ by an octave. In Fig. 106 are represented the 
vibrations of a tuning-fork, below which are shown the rolling sound of the 
letter R ; and in Fig. 107 are shown the contrast between the regular vibrations 
of a tuning-fork and those of a tin plate when struck with the finger. 

176. Effect of Sound on Flames. — A gas flame burning in a 
tube emits a musical sound, the character of which is determined by 
the size of the jet and the length of the tube. Such flames are called 
singing flames^ and are, under certain conditions, very sensitiYe to 
external sounds. 

The following interesting description of an experiment by Prof. Tyndall will 
illustrate this: ^*I place a tube, 12 inches long, ov. r a flame occupying a posi- 
tion within the tube about an inch and a half from its lower end. When the 
proper note is sounded, the flame trembler but does not sing. I lower the tttbe^ 
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ho that the flame maj be thn^u inches from Ita lower end ; it bunts ttpontaiieoiislj 
into soug. Now, between tliHse ttro poBitiona tbere is a third, at which, if tlie 
flame be placed, it will burn silently ; bat, if it be excited bj the voioe, It will 
slug itad continue to sing. In this poeition, then, it is able to siup, bat it raquirvs 
a start It is, ss it were, on the brink of a preoiplce, but it requires to be 
pushed oyer." 

177. Sensitive flamaa are flames that, though not surrounded 
by resonant tubes, ore sensitive to sound, and by their action and 
form indicate the nature of sounds in their vicinity, or sometimes at 
a considerable distance. 

Plames emitted from particular bDmers, and therefore of a apeofal oharaoter 
aa to lielght and tiizi', maulfesl in » wonderful degree thla s^'mputb/ with souuds. 




Fig. IOSL 

Prof. Tyndall, In speaking of a flame 'H inches high, Esaning from n steatlto, or 

soap-stone, burner, thus dtiscri lies ila senaitivenesa : "TIii' slightest tap on a dis- 
tant nnvil reducw its height to seven inches. When I wliflke this bunch of kejs, 
the Samo is viult>ntly ngilati^rl, and emils n loud rnar. 1 cannot walk across the 
floor without agitating it. The crnmplinR or tenrinH of a bit at paper, or the riie- 
tle of n silk dress, does the same. It is startled l>y tlie patter of a rain-drnp. At 
every tick of the watch it falls ; and the winding up of the wntcli produces tumult. 
From a distance of 30 yards, I liave cbirrii)>ed to this Uouii.- and caused it to fail 



AOOUSTIoa. 103 

, Bjr Ml kpparotiu inTented by Eoenig, the pnlutioni of gas flames under tlie 
infloence ot the Bonorons Wftvee are upUcally presented un a revolviug mirror. 
This ii Bhotta in Fig. 106. A metal cnpsole, a section of which is represented 
•t A, ia divided into two oompartmenta b^ a tluu membrane of India robber -, 



on the right of thia figure is a gas-jel, below it tlie tube nonvejing the gas ; on 
the left is a tube terminating in a mouthpiece, into which an/ note ma/ be 
sung, or proceed from any iiietrument. When the sound-waTes enter the cap- 
sule, they ue transmitted by meaiia of the membrane to the air within, aod 
oSect the flame, causing alternations that are rendered distinct by being received 
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on s mirror, H, irith four faces, irhich me,j 1m tnmed hj two eog-wheela and - a 
handle. Ab long as the flame burns ateadilj, there appears in the mirror, aa it 
is turned, a contiuuoiui band of light ; but it tlie capsule is connected with a 
Rounding tube jielding the fundamental note, the image of the flame takes the 
form sliown in Fig. 100 ; and when the sound i» changed to the octave, the flame 
appears as in Fig, 110. If the tiro sounds reach the capsule simultaneoiul;, the 
tiame BsaameB tlie appearance shown in Fig. Ill i and if one of the sounds is 
tlie fundamental note, and the other the third above, the flamo assumes the 
form seen in Fig. 112. The analj'sis of vocal souuda has been accomplished hj 
this means. 

178. The phonograph ia an instrument, iuveuted bj Edison, for 
registering and reproducing eounds. 

The construction of this ingenious apparatus Is quite simple. Tliu mouth- 




piece E (Rg. 113) is closed b; a thin, elastic metal disc. By means of a vpring, 
a small steel point, rounded at the end, is flxed at the back of the disc, and ^^y 
gently pressing against the surface of tin-foil transfers to it the vibrations of the 
disc through Hmall pieces of India rubber tubing ; while another small piece of 
tubing helps to deaden the vibrations of the spring itself. This arrangement is 
shown on a larger scale in Fig, 114. 

The tin-foil is placed on a long cylinder, C, having on ila surface a verj accu- 
rately constructed spiral groove, the threads being about 
one-tenth of an inch apart. The cylinder works on a 
screw, A A', the thread of which is the same as that of the 
cylinder, and is turned by a handle, M, the motion being 
regulated by a fly-wheel at A. The position of the mouth- 
piece is adjusted bv the arrangement L rm. 

When the cylinder is turned with a uniform motion, 
tlie vibrations of the disc, caused by speaking or singing 
through the mouthpiece, produce a series of dots upon the 
tin-foil, which retains them ; so that, when the part wliich 
the mouthpiece pla3-8 is reverned, the indented tin-foil re- 
produces the sound. To effect this a special mouthpiece of greater size is used, 
which is so adjusted that the point works along the indentations in the groove, 
sets the disc in vibration, and reproduces the sounds. In order to produce per- 
fect uniformity in the rotation of tlie cylinder, clockwork may be used. The 
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cluncter of tlie markE on the tin-foil, as to their length, depth, and position, 
ezBctlj repreBents the qimlity of tha sounds ; and thiui are recorded all the tones 
and modulations of the voice in Bpesking or siDging. According to Gdison, aa 
manj as 40,000 words oan be regislured on a space not exceeding 10 square Inches. 
The sheela of tin-foil containing the indentations can be taken from the cj'linder, 
and kept for use when wanted. 

T.—THE HUMAN VOICE AMD EAB. 

179. Tbe organ of vooal sounds is the laryDX, situated at the 
upper end of the trachea, or windpipe. 

A horizontal section of this organ is represented in Fig. 1 16. It is formed bj 
carUlages, b b, connected h; muscles, bj means of which a great Tariety of 
motions may be effected. These muscles are 
connected witli two elastic membranes, or bands, 
with broad bases fixed to the larynx, and sharp 
edges, e r, called the roeal chifrdt. By means 
of the miucles, these chords are more or less 
stretched, and the space between them — the 
vocal dit— la contracted or widened. Ordinarily 
the ^r passes through o ; but in pinging this is 
closed, and the rocal chorda being stretched, 
are put in vibration by the air, and different 
notes produced. 

The longer the larynx, and the larger and p. ,,, 

thicker the vocal chords, the deeper the voice. 

Oil this account the male voice differs from the female. The ordinary compass 
of the hnmaa voice is within twooctaveii; but some voices greatly exceed that 
range. The Italian vocalist Catalani is said to have had a voice of three and a 
half octaves. The sound of the human voice is very rich in its variety of tones 
as well as in liannonics.* 

180. Perception of Sounds.. — Tbe ear, the organ of hearing, 
is a Tcry delicate aad complex structure. It consists of several parts, 
the arrangement and ofBce of which will be understood from the fol- 
lowing description. 

The erternal ear collects and transmits the sound through the auditory pas- 
sage, a (Fig. 116), to the drum, or tympiinum, I, which is a delioate and tightly 
stretched membrano in front of the tympanic cavity, containing several small 

* " The average compasa of the human voioe is abont two oclavea. The deep F of a 
1»M-iiinger has 87, and the upper G of the treble 775 vibmtions per iiaooad. Toioea 
which exceed either of Ibeie limits are rt^arded aa deep or high, though a few voices 
exceed tbem to the extent of nearly aa octave," — DaclumiL 
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bones, which condnot the motion to ihe Inner ekr, or Inbfp^iUh. Oiw, Uie han- 
mer, rf, i« atlaclied At ooe end to Ibu drum, and it the other jointed to the 
aarU, f, and the latter i« connected bj the Ktimip-bonr, f, to the oral leindote, 
an aperture cloeed bj a tae membrane, leparatiug the tymp&nic cavity from the 
labyrinth. The latter ii filled with fluid, and coniisls of three parts— the teitf- 
bule, closed br the aval window, the three semicircular canals k, k, k, and the 
spiral-shaped mcAlcu, (, wfaicli transmits the vibrations to the auditory nerve n, 
wlilch is divided into a vast number of fine filaments {C^rti'i JUxn), each of 
which seems to be tuned for a particular note, so that when the vibrations of that 
note are transmitted by means 
of the stirmi>-bone and the flnid 
of the labyrinth, only thoee fila- 
I ments vibrate that are in nnlson 

with that note. This wonderful 
piece of mechanism is like a 
lute of 3,000 strings, which Is 
the nnmber of the Slaments. 
The tympanic cavity is also con- 
nected with the cavity of the 
mouth by tlie Eustachian tube 
b ; so that the idr in it may be 
always under the ume preaaure. 
By either condensing or rare- 
: fyiug the air behind the tym- 
panum, we produce deafnew to 
y^_ jjj^ w.nnds of low pitch. 

Tlie capacity lo perceive 
Biiunds varies In different persons ; but llu: ordinarj range of the ear is about 
eleven octaves. Host ears are more sensitive lo tlie higher notes than the lower 
ones; but, on the contrary. Prof. Tyndall says; "Tlie squeak of the bat, the 
Bonnd of tlie cricket, even the chirp of the common house«parrow, are unheard 
by some people, who for lower sounds possess a sensitive ear," The ear is fitr 
more sensitive to vibrations of sound than the eye to those of light; for the 
quickest vibrations discernible by the eye have only about twice the rapidity of 
Ihe slowest; while, In the case of the ear, the quickest vibrations have more than 
two thousand limes the rapidity of the slowest The ear has a range of about 
eleven octaves, according to Tyndall, while the eye ha> but little more than 



* "The human eu ii limited in ita range of hearing mnaieal sonnda. If the vibra- 
tions number leu than 16 a aeoond, we are conacioos onlf of separate abocka If they 
exoeed 38,000 ■ leoond, the oomcionnmii of sound oeasei altogether. The range of the 
. about eleven ootavH, but an auditory range limited to di or uvsn 

"—Tgndall. 
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SYNOPSIS FOB REVIEW. 

r I.— Production, Propagation, and Reflection of Sound. 
1. D^mHoM: 1. Acoustics. 2. Sound. 



2. Cauu of Sound. — Sonorous bodies. 

3. Mediums of Propagation. 



4. IntentityofSouTid^asrdaiedto: 



'1. Distance. 

2. Amplitude of vibrations. 

3. Density of the air. 

4. Force and direction of the 

wind. 

5. Proximity of a sonorous 
body. 






6. SpeeJeing'Tubes, 

0. Vdocity of Sound: 1. In air. 2. In liquids. 3. In solids. 

fl. How illustrated. 

t xy^^^Vv. y.#> ja>«<«.y7 . J ^- Echoes: 1. Simple. 2. Multiple. 

7. RelUetum of Sound : ^ 3 ^g^^^^^ ^ 

(^4. Speaking and ear-trumpets. 

8. BUthMCope: \\ OoMtruotion. 

n.— Measurement of the Number of Vibrations. 

1. Apparatus for : 1. Savart's apparatus. 2. Sirene. 

2. Graphic Method. (Vibroscope.) 

III.— Physical Theory of Music. 

1. Musical Sounds : 1. Cause. 2. Leading qualities. 

2. Vibratums of Strings : 1. Transverse. 2. Longitudinal. 

3. Sonometer, or Monochord. 

1. Construction and use. 

2. Laws established by. 

4. Musical Scale. 

( 1. Length of string. 

1. Notes, their relation to: •< 2. Number of vibrations. 

(3. Wavelength. 

2. Intervals in the diatonic scale. 
6. Nodes and Loops. — Harmonics. 

6. Reed Instruments. 

Kpftda • 3 ^- Construction. 
Jjeeos. J 2 ^^ 

IV.— Analysis and Representation of Vibrations. 

1 \7ZK^4i^ /.#• I37y>««« . i 1- Nodal points and lines. 

1. -mratMU ofPUUes. j ^ ^aw as to vibrations. 

2. Vtbration of Membranes. 

3. Interference of Sound, 

4. Visual Bepresentation of Sound. (Phonautograph.) 

!1. Singing flames. 
2. Sensitive flames. 
3. Koenig^s appuratu.^-. 
6. Phonograph. 

. v.— Human Voice and Ear. 

1.* Larynx and Voc/d Chords. 
2. Perception of Shunds. 
1. Structure of ear. 
l^ 2. Delicacy of ear. 
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APPLICATION OF PRINCIPLBS. 

Siplain the foUawing : 1. Why a tremalona moTement is felt in the floor of an 
apartment near a piano-forte when it is played. 2. Why no soand is heard when a 
bell is mng under the receiver of an air-pump. 8. Why an approaching train of cars 
can be heard at a long distance by applying the ear to the railroad track. 4. Why no 
sound is emitted by soft, inelastic bodies when they are struck. 5. Why music sounds 
better in unfurnished than in fumiahed rooms. 6. Why the voice is feeble on the top 
of a mountain. 7. Why sounds are peculiarly clear on a frosty morning. 8. Why a 
speaker finds more difficulty in making himself heard in a crowded auditorium. 9. 
Why, when a man is seen at a distance blasting rock, the sound is separated from the 
blow by an interval of time. 10. Why a person is enabled to hear better by using an 
ear-trumpet 11. Why the ticking of a watch can be heard at the end of a long pUmk 
by applying the ear to the other end. 12. Why there is no echo in a room of ordinary 
sise. 18. Why the piano-tuner tightens the strings to tune the instrumentw 14. Why 
a flute emits a lower note when all the stops are dosed. 15. Why powder sprinkled on 
a body while emitting a musical sound arranges itself in a regular form. 1ft. Wby 
iounds are more intense in an unpure than a pure atmosphere. 17. Why a short string 
produces a higher note than a long one. 1& Why, when music is played at a distance, 
the melody is unimpaired. 19. Why the discharge of a cannon sometimes reaches the 
ear before the word of command of the officer. 20. Why echoes are sometimes re- 
peated. 

PROBLEMS FOB EXERCISE. 

1. A clap of thunder was heard 5 seconds after the flash of lightning was seen. 
What was the distance of the thunder-cloud f 

2l At what distance is an observer from an object from which an echo ia repeated 
8 seconds after the sound is made ? 

8. How much greater is the intensity of sound at 10 feet than at 100 feet ? 

4. A stone is dropped into a well, and is heard to strike the water 10 seconds after- 
ward. Required the depth of the well, considering the velocity of the sound 1,130 
feet? 

5. A meteor was seen to explode, and the sound reached the ear 2}4 minutes after- 
ward. What was its distance from the earth, calculating the average velocity of the 
sound at 1,000 feet ? 

6. How long would sound require to travel half a mile under water f 

7. A wheel having 84 teeth in its circumference makes ten rotations a second, strik- 
ing against an elastic strip, and emitting a musical note. How many vibrations a 
second are required to produce the note ? 

8. If a string producing a certain note vibrates 100 times a seoond, how many vibra- 
tions a second must it make to produce the octave ? 

9. If a musical note be produced by 216 vibrations in a second, what will be the 
vibrations corresponding to its third, its fifth, and the octave above, respectively ? 

10. If, in producing a certain note, a string makes 110 vibrations in a second, what 
is the length of the sound-waves ? 



CHAPTER VI. 

HEAT. 

I.-.NATURE AND GENERAL EFFECTS OF HEAT. 

181. Heat is a term used not only to express a particular sensa- 
tion, but to denote the condition of matter which causes it. That 
which is called heat acts variously on bodies : it melts ice, boils 
water, makes metals red-hot, produces electrical currents, and de- 
composes compound bodies. That part of physics which treats of 
heat is usually called Pyronomics. 

There are two tlieories advanced to account for the phenomena of heat : the 
theory cf emission and the theory of undulation, or the mechanical theory. The first 
conceives heat to be caused by a subtle, imponderable fluid, surrounding the 
molecules of bodies, and passing from one body to another ; the second supposes 
it to be due to tlie rapid vibrations of the molecules, or, in the words of Tyndall, 
that it is a *' mode of motion." According to the latter theory, now generally re- 
ceived, heat is not a fluid, or substance, but a condition of matter. This condi- 
tion can be transferred ; for, when a heated body is placed in contact with a 
cooler one, the former imparts more molecular motion than it receives. 

It is likewise assumed that there is an imponderable elastic ether pervading 
all matter and space. A heated body causes in this ether rapid vibrations, which 
being communicated to bodies increase their temperature, in a manner analogous 
to that by which sound is produced. 

182. The mechanical theory of heat may be illusti*ated by vari- 
ous familiar phenomena, showing that^ inyariably, when heat is 
produced by motion, mechanical force is consumed. 

Thus in rubbing two bodies against each other, motion is apparently de- 
stroyed by the friction ; but, in fact, it is not, since it reappears in the form of 
heat, or molecular motion ; and, if a body falls from a height, it seems to lose 
its momentum when it strikes against the ground ; but this momentum (some- 
times called vis nra) is only transformed to the particles, and still exists in the 
form of heat.* 



* Some of the old writers conceived this coniftetion between heat and motion. Thus 
Baoon, in hia great work, the Novum Organum^ said : ^* The form or true defini- 
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Connt RumfoH ooDStmcted a hollow oflinder of iron, and fltted into il a 
solid plunger, pratiing firmly agklngt tlm bottom. The ojlinder wm placed in 
■ Tenel coDtAining water, and tho pluiigur being turned by horse-power, the 
temperature of tlie water was raised from 60° to 107 in an hour ; and, at the 
end of two liours and twenty minutes, the water was made to boll. 

183. General Efteotsor Heat.— Heat nUBes the temperature of a 
bod; hj increasiDg tlie iris vioa of the particles ; it eipands the body 
bj augmenting the amplitude of the oBcillationa of the particlee, or 
wboll; changes its state by altering the relative poutiona of the mole- ^ 
cules. These effects constitute the internal work. But bodies being 
surrounded by atmospherio air, its preaauro has to be overcome by 
the heat ; and this couHtltutes its external work. 

184. Expansion. — All bodies expand by the action of heat; 
gases, in general, being the most expansible, and liquids Uie leasi 

The exi>ansion of solids may bo considered in regard t« one, two, or three 
dimensions, that is, as linear, superficial, or cubical e^ipaniion. To show the lin- 
ear expansion of solids, the apparatus represented below (Fig. 11T) may be used. 



A metal rod, A, is fixed at one end b 
against the short arm of an index, K, 

tloD o( beat In, in a few words, ai follows : Heat ii a motion, expaniire, restrained, and 
acting in iti alrife apon the sinallar partiolea of the bodien Dot the eipannoD hi 
thus modified ; while it ezpandi all waji, it hai at tbe ume time an inolinatioa np- 
wards. And tbe struggle in the paitiolea in modilied abo ; it is not slDggish, hat 
hurried and with violence." Locke uid : "Heat u a very hriik agitation of tbe in- 
sensible parts of tbe objeot, which piodacea in ne that emotion from which we denom- 
inate tbe obtect hot; so that what in onraeniation ia heat, in tbe object ii nothing 
butmotion." Bomfordand DaT7,lnlatertimeseipTesHd«milaTviewi; batitwainot 
until Hayer, In IMS, demoDstratwd tbe " meclianioal eqnivalent of beat," ihowing tbe 
canneGtion between beat nod work, that mndem phyeiciata began eamently to adopt 
this theory. The experiments of Hayer and Jonle hare greatly Dontriboted to eatablisb 
it ; and the laoturea of Tyndall, in 1S63, arrred to illuetnite and populariie it. 
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there is a flort of ojlindrieal lamp in which alcohol is burned. The needle K is 
at first at the zero point, but as the rod becomes heated, it expands, and moves 
the needle along the scale. 

The cubical expansion majr be shown by a brass ball fitted exactly to a ring, 
so that when heated it no longer passes through the ring. 

The expansion of liquids may be shown by a capillary glass tube terminat- 
ing in a bulb. The latter being filled with some colored liquid, and heated, the 
liquid rises in the tube, and thus indicates the expansion. 
Such a tube and bulb are shown in Fig. 118. 

In these experiments; the bodies contract to their former 
dimensions on cooling ; but certain metals, especially zinc, 
form an exception to this rule, and also some kinds of glass. 



n.— TEliPEBATUUE AND ITS MEASUREMENT. 



185. The temperature of a body is the tendency 
to impart sensible heat to other bodies. 

Temperature must not be confounded with quantity of 
heat. A body may have a high temperature, but possess a 
small quantity of heat, and tiee versa. If a cup of water be 
taken from a boiling cauldron, both the water in the cup and 
that in the cauldron will have the same temperature ; but, 
obviously, very different quantities of heat 

186. The thermometer is an instrument used 
for the measurement of temperature. 

The senses can but imperfectly determine the effect of 
heat and cold (the absence of heat) ; hence, recourse is had 
to the effects definitely produced by heat on bodies, and 
particularly to expansion ; but delicate measurements may 
be made by some of the electrical phenomena caused by 
heat. (See Art. 889.) 

Liquids are best suited for use in the thermometer, since 
the expansion of solids is too small, and that of gases too 
great. Mercury and alcohol (colored) are the only liquids 
used ; because the former boils only at a very high tempera- 
ture, and the latter does not solidify at the greatest known 
degree of cold. 

187. The mercurial thermometer, the most extensively used, 
consists of a capillary glass tube (ntem), at the end of which is blown 
a hulby forming a spherical or cylindrical reservoir. Both the bulb 
and a part of the stem are filled with mercury, and the expansion or 
contraction, caused by a change in the temperature, of the air or other 
fluid in which the bulb is placed, is measured by a graduated scale. 



Fig. 118. Fig. 119. 
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After the manufactare of the tube, the construction of a thermometar in- 
volves three important operations : the division of the tube into parts of equal 
capacity (calibraiioii)^ the introduction of the mercury into tlie bulb, and the 
graduation. The first requires care, owing to the slight inequality in the bore of 
the tube ; the second is accomplished by introducing the mercury and boiling it 
in the bulb, aud then when the air in the tube has been expelled by the mercu- 
rial vapor, hermetically sealing it In the graduation, two points must be first 
ascertained: the freezing-point and the boiling-point The former is that at 
which ice melts, and the second that at which distilled water boils, the barom- 
eter standing at 760 millimeters, equal to 29.9 inches. The distance between 
these two points Is the unit for measuring temperature, just as a j'ard or meter is 
nsed for measuring lengths. (See Fig. 119.) 

188. Scales.— In FahreDheit's scale (F.) the freezing-point is 
marked 32"", and the bailing-point 212°, the interval being divided 
into 180 degrees, and the scale continued above and below the fixed 
points. In the Centigrade scale (C), the freezing-point is marked 
(zero), and the boiling-point 100°, the space between divided into 
100 degrees. In Reaumur s scale (B), the freezing-point is 0°, and the 
boiling-point 80°. Degrees below zero are indicated by the negative 
sign (-), 

The scale of Fahrenheit is used in this country and England ; the Centigrade, 
in France and other countries of Europe. Fahrenheit degrees may readily be 
converted into Centigrade, and vice versa. From th« number of Fahrenheit de- 
grees subtract 82, and ) of the remainder will be the number of Centigrade de- 
grees ; since 180^ F. = 100^ C. Or to } of the number of Centigrade degrees add 
82'', and the sum will be the corresponding Fahrenheit degrees. 

Tlie mercurial thermometer is the most valuable of all liquid thermometers, 
for mercury expands proportionally to the degree of heat between — 86" and lOO**. 
For temperatures below —36^, alcohol must be used ; mercury becomes solid at 
-40% and boils at 350\ 

Alcohol boils at TS"* C, or about 172"* F., and hence the alcohol thermometer 
is unreliable for high temperatures ; but for low temperatures it is very valuable, 
as alcohol does not solidify at the greatest known cold. 

189. The pyrometer is an instrument used to measure very high 
temperatures — beyond the range of the mercurial thermometer. 

Wedgewood^s, DanielPs, and other pyrometers were constructed on the prin- 
ciple explained in Art. 188, and illustrated by Fig. 117. But such instruments 
have given place to other methods to be explained hereafter. 

Ttihleof Temperatures, — The following table gives some of the most impor- 
tant points of temperature, according to the Centigrade and Fahrenheit scales. 

Greatest artificial cold -140' C. or -220'' F. 

Greatest natural cold -58.7 " -73.7 

Mercury freezes —39.4 ** —89 
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Mixture of snow and salt —20^ C. or —4^ F. 

Greatest density of water +4 '* +39.2 

Bloodheat 86.6 •* 97.9 

Alcohol boils 78 " 1721 

Water boils 100 " C12 

Mercuryboils 860 ** 002 

Sulphur boils 440 ** 824 

Silvermelts 954 ** 1749 

CasUiron melts 1580 '* 2786 



HL— EXPANSION OF BODIES BY HEAT. 

190. Expansion of Solids.— The expansion of solids through the 

operation of *heat has many applications in the arts. The follo\ving 

are illustrations. 

The base of furnaces must be given play at the ends, otherwise the expansion 
will split the masonry ; in the construction of railroads, a small space is left 
between successive rails ; and water pipes are fitted together by means of tele- 
scope joints. If hot water i i poured into a glass, it is apt to crack the glass, 
owing to the unequal expansion of the different parts. The force exerted by ex- 
pansion through heat is enormous. In expanding a pound of iron, by an increase 
of temperature from 0^ to 100° C, -/jio of its bulk, a force is exerted equal to 
16,000 foot pounds, or sui&cient to raise a weight of 7 tons through a height of 
one foot. 

The contractile force is correspondingly great. An application of this is 
seen in the mode of tiring wheels. The tire, made red-hot, is placed on the 
wheel, and then cooled, so that by its contraction it may press the parts of the 
wheel together. 

191. The coefTlolent of expansion is the degree of expansion 
which occurs in any of the three dimensions of a body when its 
temperature rises from 0° (zero) to 1°. The increase of the unit of 
volume imder that change of temperature is the coefficient of cubical 
expansion. 

In the case of a cube, the coefficient of cubical expansion is a little more 
than three times that of linear expansion. 

192. The compensation pendulum is a beautiful application 
of the expansion of metals by heat. It is so constructed that the 
elongation caused by expansion is compensated, so that the distance 
between the center of suspension and the center of oscillation always 
remains the same, thus securing isochronous oscillationa (Ari 58.) 

The gridiron pendulum (Fig. 120) is a common form of the compensation 
8 
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pendnlum. The frmme-work tapporting the ball L coniiEts of kltenuUe rotU of 
steel uid brui, the former being repreaeated in the cut by shaded lines. These 
are so arraaged that the elongation of the brass rods caoses the ball to rise, while 
that of the st«el rods tends lo lower it 

There are other forms of compensation pendulums, among which Graham's 
mercnr/ pendulum is one ot the simplest and most useful. The ball of the pend- 
ulum couidsts of a glass cylinder contaiuing a cer- 
tain quantity of mercury ; the upward ezpansion 
of which compunsatei thu downward ezpansion of 
the steel rod supporting it. The same principle is 
applied lu the construction of the compeTttation bai- 
uTux of watches and chronomutera. 

193. Expansion ot Liquids.— When 
liquids contained in veBsels are subjected to 
heat, there is an apparent loss of bulk, caused 
by the expanaion of the containing Teasel. 
This muet be allowed for to obtain the co- 
e£Scient of absolute expansion of the liquid. 

The following experiment will iUuetrate this: 
Take a flask of thin glass, having a. imiTDn' stem, 
fill it with some colored Hijuidi aud immene it in 
hot water. Tlie column of liquid in the stem at 
first sinks from b to ii (Fig. 121], on account of the 
fipansion of the fla^k, but almost immediately 
artur rises, continuing to ascend until the tempera- 
ture ut the liqnid in the flask is the same as that in 
the vessel. 

Tliere are many ingenious methods of determin- 
ing tlie eofffleieiil of expansion of liquids as welt as 
solids. The following is a simple and beautiful 
contrivance for dclermiuing that of mercury In 
glass : The apparatus repri^aented in Fig. 123 oon- 
sisU of a glaee cylinder having a bent capillary 
stem open at the end. The apparatus is first 
weighed empty, and then when filled with mercury at lero ; the difference, of 
course, showing the weight ot the mercury. On being rais<>d to a given tempera- 
ture, the mercury expands, aud a certain quantity passes out into a receiving 
ve»el. This is carefully weighed. When the temperature is restored to lero, 
the mercury contracts, and leaves an empty space in the vessel, which represents 
the amount of contraction or expansion of the mercury remaining in the cylinder 
due to the change of temperature. This apparatus is sometimes called the vxighl 
IlitrBiotMUT, because the temperature may be deduced from the weight of the 
ineronry that overflows. 

The total apparent eiqtansion of mercury is, betwoen 0° and 100°, .01548 ; of 
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dbtillsd water, .0466 ; of snlphnric acid, .06 ; of ether, .07 ; of nitrfo mcid, .11 ; 
of alcohol, .110; of chloroform, .157. In order to find the absolute expansion of 
H liquid, it is reqniaile loodd to the apparent ezpanerlon Iheezpao^oD of the con- 
taisiiig veuel. 

The force w]iich liqaids exert in eipandii^ ii enormons. A pressure of 600 
atmoeplieres wonld be required to prevent tlie 
expansion of merciir; when it is heated from 0' 
to 10'. 

194 TLe greatest density of water 
exists at a temperature of 4° C. 'When 
its temperature sinks, it contracts until it 
reaches that point, and then it expands 
up to the freezing-point. 

This is a fact of grusl imporlunco in tlie 
economj of nature. Thv water of lakes and 
rivers cools at thu surfarc by its contact with the 
cold air, and the colder water slnVs to the bot- 
tom, thus causing a series of currents which cou- 
tinne until the whole reaches a temperature of 
4' ; then the water at thu surface reniains Bta- 
tlonorj, and the Ice formed protects the water 
below at a temperature of 4°, which is not too ^ ^^ 

low for animal life. 

195. Expanalon of Cases. — Gases are the most expansible of 
all bodies, and the most regular in their expansion. All. have very 
nearly the same coefficient of expansion. 

196. It has been ascertained by careful experiment that all gases 
have the same coefficient of 
expanBion as air, and that this 
remains the same whatever be 
the pressure supported by the 
gas. 

'**■ ***■ These two statements, or simple 

laws, are onl; approximatelj eorrect Thef were deduced iudepeudentlj hy 
Dalton and Oajr-LusMC. 

197. The specific gravity, or density, of a gas is the ratio of 
the weight of a certain volume of the gas to that of air, at a tempera- 
ture of 0° C, and at a barometric pressure of 760 miUimetera, equal 
to 30 inches (nearly). 

To determine this a globe of about two gallons' capacity is used, the neck of 
which Is provided with a stop-cock, which can be screwed to the idr-pomp. The 
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globe is first weighed emptjr, and then full of air, and afterward full of the gas 
in question. In this way the relative weights of the air and the gas are ascer- 
tained. 

IV.— CHANGBS OF CONDITION. VAPOBS. 

198. Fusion. — After a certain degree of heat hds been reached, 
the attraction of cohesion is insufficient to hold the molecules 
together, and the solid becomes a liquid. Tliis is caHed fusion. 

All substances do not fuse under the action of heat, some being changed into 
gases, and decomposed. This is the case with paper, wood, coal, etc. Many 
bodies have proved incapable of fusion under intense heat, and hence are said to 
be rrfractory. In proportion as the means of producing higher temperatures 
have been reached, such substances have diminished in number. The tempera* 
ture required for fusion is constant for each substance. Thus mercury fuses at 
—38.8' C. ; oil of turpentine, at —27'; ice, 0^; butter, +33'; phosphorus, 
44"; sulphur, 114"; tin, 228"; lead, 335'; silver, 954"; gold, 1,200"; iron, 
1,500"; platinum, 1,775". 

Alloys are generally more fusible than any of the metals of which they are 
composed. For example, an alloy of five parts of tin and one of lead, fuses at 
194°. Hence the use of fusible alloys in soldering, and taking casts. Steel melts 
at a lower temperature than iron, though it contains carbon, which is almost 
absolutely infusible. 

199. Latent Heat. — From the moment fusion begins till it is 
complete, there is no change of temperature, although there is a con- 
stant supply of heat required and absorbed by the body. This heat, 
not being indicated by the thermometer, has been called latent Jieat. 

Tlie following experiment will illustrate this: Take a poiuid of water at 
80" C, and mix it with a pound of water at zero, and the mixture will be found 
to be at 40". Then take a pound of pounded ice at zero and mix it with a pound 
of water at 80", and the result will be two pounds of water at zero. This shows 
that it takes as much heat to liquify a pound of ice as is ret^uireU to raise a pound 
of water from zero to 80 \ Tliis is the latent beat of the fusion of ice. 

During sotution, as well as during fusion, a certain qimntity of lieat always 
becomes latent, and consequently there is a diminution of temi)erature. When 
a chemical combination takes place, as when caustic potash is dissolved in water, 
there is often an increase in temperature. 

Solidification y or congelation ^ occurs under laws similar to those of fusion: 
all bodies solidify at a certain temperature, which remains constant from the 
beginning to the end of the process. The latent heat becomes free at the 
moment of solidification. 

200. Crystallization takes place in bodies that pass slowly from 
the liquid to the solid state ; that is, they assume regular geometrical 
forms, such as the cube, prism, etc., oaMeA. crystals. 
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Bnow, ioe, and many salts present examples of erystallization. The orystaU 
lixation is said to take place by the dry way, when the crystals are formed from 
a body in fusion ; and in the moM toay, when it takes place from the slow 
eyaporation of a solution. 

The freezing of water is effected by various circumstances. For example, a 
▼ery rapid agitation prevents the formation of ice. DesprefiE was able to lower 
the temperature of water contained in capillary tubes to — 4° F., without con- 
gelation. This shows how the sap of plants, contained in fine capillary vessels, 
is protected from freezing even during severe cold. 

The expansive force produced by the formation of ice is enormous, as shown 
in the bursting of water-pipes, the breaking of jugs, etc. Tliis is the most 
powerfnl agent in disintegrating the earth*s surface, splitting stones and rocks, 
and breaking up the soil, as the water penetrates the pores of the ground and 
freezes. Major Williams, in Canada, filled a 13-inch bomb-shell with water, 
firmly closed the touch-hole with an iron plug weighing three pounds, and then 
exposed it to the frost. After some time the iron plug was forced out with a 
loud explosion, and thrown to a distance of 
415 feet, while a cylinder of ice eight 
inches long issued from the opening. 

Cast-iron, bismuth, and antimony ex- 
pand on solidifying, like water, and hence 
can be used for casting ; but gold, silver, 
and copper contract; and, therefore, coins 
of these metals cannot be cast, but must be 
stamped with a die. 

201. Vapors are fluid substances 
into which liquids such as ether, 
alcohol, water, and mercury pass 
under the influence of heat. The 
passage of a liquid into the aeriform 
state is called vaporization ; the slow 
production of vapor at the surface of 
a liquid, evaporation ; and the rapid \ 
conversion of a liquid into vapor, '^^ 
forming bubbles below the surface, 
ebulliHonf or boiling. 

Liquids that pass into vapor are called tcUMe liquids ; those which do not 
form vapors without being decomposed, fixed liquids, such as the fatty oils. Ice, 
arsenic, camphor, and generally the odoriferous solids, pass directly into vapor, 
without assuming the liquid state. Vapors are formed more freely in a vacuum, 
because they are relieved from the pressure of the air. 

The temperature required for ebullition varies - with the pressure ; and as 
soon as boiling begins, the temperature of the liquid remains the same. 
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Under a bufmetrie presnire of 80 Inches (760 mtllimeton), the boiUnfffofnt 
of ctrbonic aold ia -92° C. ; of ether, 37° ; Moohol, 7H' ; distilled water, 100°; 
turpentine, IS?'-, phogphoras, 2tf0° ; mercurj, 35S\ 

To Bltow thai the boiling-point is lower nnder dintniahed prenure, place a 
small dish conlaining water at 30° under the receiver oF the air-pump ; and after 
Hxhanstion, the liquid will soon begin to boil. Owing to reduced air-prewure, 
iraler boils on Mont Rlaao at 84° C, or about 183° F. 

This relation between the boiliug-poiut of water and atmospheric pretture 
dependent upon height, aSords a method of determining elevations above the 
surface of the earth ; Bince, when we know at what temperature water boils at a 



partionlar place, we can determine the prt^ssiire, and from thisdednce the height 
An ascent of about 1,080 feet causes a reduction of 1" C. in the temperature re- 
quired to boil water. 

The following interesting experiment illustratea thu above principle ; Take a 
glass fladc »e represented in the cut (Fig. 123), and boil some water In it; and 
after the steam has expelled the air, cork it, and invert it. Now, if the steam 
filling the space above the water be condensed by pouring cold water upon the 
flaak, the water will begin to boil agaiu, on account of the partial vacuum thus 
created. 

202. Distillation is the process of separatiBg a Tolatile liquid 
from substances wliicb it holds in solution, or two liquids of different 
degrees of volatility. 

The apparatus emploj'ed is called a ilill, and consiHtK of tliree principal parts : 
the iioil}/ A (Fig. 124), a cop]ier ves^-1 couloiuiug the liquid, which fits in the 
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famace ; the head B, fitting on the body, with a lateral tube, C, and the worm 
S, a long spiral tin or copper tabe placed in a cistern kept full of cold water, bo 
as to condense the vapor passing through the worm. 

Water is distilled in order to free it from the manjr fmpurities which it con- 
tains. Tlie vapor is condensed in the worm, and after condensation the distilled 
water flows into a receiving vessel, D. In order to keep the worm immersed in 
cold water, a supply enters at the bottom of the cistern as fast as the heated water 
runs out by a tube at the top, as shown in the figure. 

203. The hygrometer is an instrument for determining the 
quantity of watery vapor contained in a given volume of air. 

The quantity of vapor in the air is always changing. While the atmosphere 
is never completely saturated, it is never entirely dry. The absolute moisture is 
measured by the weight of water in the form 
of vapor contained in a unit of volume. It 
varies with the temperature. In summer there 
is a maximum at 8 o'clock a.m., and a mini- 
mum at 3 P.M. and 3 a.m., because the ascend- 
ing current of air carries the moisture upward. 
It is in excess within the tropics, and is greater 
in the central regions of a continent than near 
the sea coast 

Hygrometers are of various forms. DanielPs 
hygrometer consists of two glass bulbs at the 
extremities of a glass tube bent twice (Fig. 
125). The bulb A is two-thirds full of ether, 
and a very delicate thermometer plunges into 
it ; the rest of the space contains nothing but 
the vapor of ether, the ether having been 
boiled before the bulb B was sealed. This bulb 
is covered with muslin, and ether is dropped 
u])on it, which in evaporating cools the bulb, / 
and thus causes the vapor contained in it to be 
condensed. The ether in A, on account of the 
reduced tension, then begins to form vapor, 
which passes over to the other bulb. Thus the 

ether becomes cooled ; and when the temperature of the air in immediate con- 
tact with it sinks below the point required to retain the vapor, it is dei>06ited on 
the outside, and this degree of temperature is indicated by the thermometer in 
the inside, which being compared with the temperature of the air as Shown by 
the outside thermometer, indicates the hygrmnetric state, or degree of saturation, 
of the air. The degree of temperature at which moisture is deposited is called 
the dew point. In determining this i>oint it is usual to reverse the above process, 
discontinuing the dropping of ether on the bulb B, and allowing the temperature 
of A to rise. The temperature at which the deposition of dew ceases is then ob- 
served, and the mean of this and the temperature, previously observed, at which 
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the dew commenced, Sa taken as the dew point This dejioeition of mouture, 
called deity is caused by a condensation of the watery vapor in the air in contact 
with a cold surface. 

v.— TRANSMISSION OF HEAT. 

204. Heat may be transmitted by radiation, conduction, or con- 
TectiozL 

205. The radiation of heat is its transmission from one body to 
another throtigh the air, as if by rays. 

When we stand at a little distance from a fire, or other source of heat, we ex- 
perience a sensation of warmth, caused by the radiation of heat, which is not 
transmitted by the air but through it, and without directly affecting the tem- 
perature of the air. It is in this manner that the heat of the sun reaches us. 

206. The oonduotlon of heat is its transmission in the mass of 
a body, from one part to another. 

Thus when the end of a metal bar is heated, the increase of tem})erature ex- 
tends itself along the whole bar. 

207. Bodies in which the heat is readily conducted, such as the 
metals, are called good conductors ; while those in which the heat 
passes slowly, or with difficulty, from one part to another, are called 
bad conductors. Such are resinous substances, also glass, wood, and 
all uquids and gases. 

Organic substances are bad conductors. Woods conduct better in the direc- 
tion of their fibres than across them. This feeble transverse conduction seryes 
to protect trees from sudden changes of temperature. The conducting power of 
the bark is less than that of the body of the tree. Cotton, wool, straw, bran, etc., 
are all bad conductors. 

That liquids are bad conductors may be shown by a very simple experiment : 
Take a long test-tube, and having half filled it with water, place a piece of ice in 
it in such a way that it cannot rise to the surface. Then, by inclining the tube 
and heating the surface of the liquid by means of a spirit lamp, the liquid may 
be made to boil without melting the ice. 

All substances of loose structure, having air between their particles, offer 
great resistance to the propagation of heat. Thus straw, wool, furs, feathers, 
eider-down, etc., are bad conductors. 

208. The convection of heat, in liquids and aeriform bodies, is 
its conveyance from one part to another by means of the currents 
formed in the mass by heating its lower portion. 

In order to increase t^e temperature of a liquid contained in a vessel, the 
heat is applied to the bottom. This causes an expansion of the inferior layers, 
which therefore rise, while the colder and denser parts descend. These currents 
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cin be rsndared visible bj patting some I!g1itan1»tence, u Iran, Into the water, 
u Bhowu la Fig. 126. 

In beating the air of a room, the some priuoiplu acta. The roister Bupplj- 
Ing heated air, the Bto*e, or Ue>m radiator, is placed 
near the floor, so that the hot air may ascend, and 
canae a descent of the colder ^r, which Is heated 
in its turn. Ventilators, on the other hand, to let 
out the warm, Titiated air, should be placed near 
the ceiling. 

209. The sensation of heat or cold 
which we experience vhen in contact with 
various liodieB arises from the conduction 
of beat Good conductors, as the metals, 
feel cold because they readily conduct heat 
from the person ; bad conductors, as wood, 
flannel, etc., feel warm, because they con- 
duct Tery dightly. 

Sabttanees that are bad condootora when nied ^' 

as clothing confine the heat of the person, and hence keep na warm ; bnt good 
condnctors take t)ie heat from the person. Hence in the summer, the latter sub- 
Btancea are used for clothing. 

A burning piece of wood oan be held In the hand cloee to the burning part, 
while a piece of iron heated at one end cannot be held at the other unless it is of 
considerable length. Water will boil sooner in a metallic veesel than In one of 
porcelain, because the former is a better conductor. 

210. Radlnnt heat is heat transmitted by radiation, in rays simi- 
lar to the rays of light. Such a ray is sometimes called a thermai 

ray, or calorific ray, to distinguish it from a 
luminous ray. Some calorific raya are lumi- 
nous, others obscure. Bodies of all tempera- 
tures radiate heat. 
' 211. The laws of radiation are : 1. 
Radiation takes place in all directions round a 
body. 2. In a homc^neous medium, radia- 
tion takes place in a right line. 3. Radiation 
^'*' '^' takes place in a vacuum as well as in air. 

212. The intensity of radiant heat varies inversely as the square 
of the distance from its source, and the obliquity of the rays to the 
i-adiating surface. 

-ce of heat Is the oent«r,C; 
1 certain quantltjr of heat 




122 



pinrsioe. 



Now a sphere t /, of double the radioa, will present a surface four times as great, 
because the surface of a sphere increases as the square of its radius. But the 
same quantity of heat is emitted, and therefore each unit of the surface ot e f 
can receive only one-fourth as much. 

213. When thermal rays fall upon a surface they are partly ab- 
sorbed and partly reflected. When the rays 
of heat are reflected, the angle of reflection 
is equal to the angle of incidence. 

If m n (Fig. 128) be a plane reflecting surface, 
C B an inMeni ray^ B D a line perpendicular to 
the surface (called the nomud), and B A the re- 
flected ray ; the angle C B D (angle of incidence) 
is equal to the angle A B D (angle of reflection). 
The proportion of heat reflected compared with the quantity received varies 
with different substances. The following table shows this for several substances, 
the angle of reflection being SO"* : 

Silver plate 0.97 

Gold 0.95 

Brass 0. 93 

Platinum 0.83 




Fig. 198. 



Steel 0.82 

Zinc 0.81 

Iron 0. 77 

Cast-iron 0.74 



214. The absorbing power is always inversely as the reflecting 
power. The reflected and absorbed heat is not, however, exactly 
equal to the incident heat, since a part is irregularly reflected in 
various directions. This is called scattered or diffused heal. 

Lamp-black and white lead have the greatest absorbing power ; other sub- 
stances have it in the following proportions : 



Lamp-black 100 

White lead 100 

Isinglass 91 

Tlie radiating power is equally various, as the following table will show : * 

Tarnished lead 45 



Indian ink 86 

Shellac - 72 

Metals 18 



Lamp-black 100 

White lead 100 

Paper 98 

White glass (common) 90 

Isinglass 80 



Mercury 20 

Polished lead 19 

Polished iron 15 

Tin, gold, silver, copi>er, etc 13 



215. The radiating and absorbing powers of a body are equal ; 
and, therefore, any cause which affects the one produces a corre- 



* These are the determinations of Leslie, but some French phyddats have reacbe4 
inclusions that ii|dicate a leas radiating power for the metals, 
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sponding effect on the other. It also affects in an inTerae degree the 
reflecting power. 

These povera are modified by the degree of polish, the deiuity, and the thick- 
ness of the Vadiatlng subetance, hj the obliquitj' of the incident or emitted rajs, 
and bj the nature of the source of heat. 

The abeorbiag power is greatest when the rajs are at right angles, and di> 
mtDilhes as they deviate from that direction. This is the principal cause of the 
difference of tempurtiture in summer and in winter, the sun's rajs Iwing less oV 
lique in the former tliaii in the latter. 

The poliihed flre-iroas before a fire are often cold, while the Uiiek fender is 
nnbearablj- hot, because the polished surface does not absorb like the black 
one. Bnt, if a liquid is to be kept hot as long as possible, it must be placed in a 
brightlj polished metallic res«el, since there is lees radiation from such a sub- 
stance. The surfacu of a stove should be black, but that of pipes to convey heat 
should be bright 

216. Dlatharmanoy is that property of bodies by virtue of which 




they permit the calorific rays to pass through them. The power of 
stopping radiant heat is called athermancy. 

The former corresponds to tranrpa rfn'-g in reference to light ; the latter, to 
opaa'ly. Cut Irnnsparent substances do not necessarily possess diathermancy. 
Among solids, smoky quartz, which in nearly opaque to light, transmits heat very 
well ; while alum, which is perfectly transparent, cuts off 88 per cent of heat 
nys ; and Ice is still more diathenDanoon, Tlie liquids, except olive oil, are all 
colorless and transparent, and yet vary as much as Ti) per cent in the amount of 
heat which they transmit. 

The diathermancy of bodies differs greatly with heat from different sources. 
The Italian physicist Melloni in his eiperimentn used five sources ot heat : 1. 
IiOcatelli's lamp, that is, one without a glass chimney, but provided with a re- 
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fleetot (Fig. 129); 2. An Aiguid lamp— one with • ohtimier ^^ * donbla 

draught ; 8. A platinum spiral kept red-hot bj k spirit lunp (Pig. 130) ; 4. A 

blKckened copper plate Vept at a temperatore of about 400' hj a spirit lamp (Fig. 

131); 0. A copper tube blackened on the 

out^de aud filled with water at 100° (Fig. 

132). 

Rock salt in diatbunnaooas (or all kinds 
nf heat, aa «bil« glass is transparent for light 
from all Kources. Flnor apor transmita 78 
per cent of the rayi from Locatelli's lamp, 
but only 83 of thoee from a blackened sur- 
face at 100°. Ice transmits per cent of the 
rays from Locatelli's lamp ; 0.5 per cent of 
those from an incandescent platinom wire, 
and none from the other sources. It has 
beeu proved by Tyndall and others that as 
the temperature of the source of heat rises, 
■ great proportion of heat Is transmitted. 

It is in consequence of the great diather- 
mancy of dry air, that the higtier r^ona of 
tlie atmosphere are so oold, notwithstanding 
tlie great heat which travenes them. In 
gardens, the use of shades to protect plants 
depends partly on the diathermancy of glass 
for heat from luminous rays, and its athei^ 
mancy for obscure rays. The heat which 
emanates from the sun by contact with the 
earth is changed into obscura heat, and can- 
not pass back through tlie glass; hence the 
best is accumulaled below the shade. 

217. The radiometer isanmstru- 

ment invented b; Willmm Oookes, 

of England, to show the action of 

radiant light and heat. 

pj^ jjj_ This apparatus (Fig. 138) consists of a 

glass tube with a bulb blown on it, which 

is fnsed at the bottom to a glass tnbe, resting on a wooden support. Within 

the tnbe, at its upper end, is fused a fine steel point, on which rests a small vane 

consisting of four arms of aluminium wire fixed at one end to a small cap, while 

at the others are small lozenge-shaped discs of thin mica coated on one side with 

lamp-black. The entire weight of the vsne is not more than two 'grains. In order 

to keep it on the pivot a tube is fused into the upper part of the bulb, which 

reaches down to, and just snrrounds, the top of the cap, but without touching It 

The tube having been exhansted of air is sealed at the lower point. When a 

body emitting light or heat is brought uear the instrument, the vane is made to 
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robite, Bhowing that It ts acted upon bj a mechanicat toioe. This liis been at- 
tributed to the action of tlie luminaiu or heat ra; ; but, as tlie Tacniim is not 
perfect, it has also been inipnted to currents in tlie rarefled air produced b; tlie 
nnequal heating of the lilock and white disks uF Die vane. Manji' intercsllog re- 
aearchea have been conducted bj meaos of this iii^nious Instrument. 



TI.— CALOBTMBTEY. 

218. Calorlmetry is tbe meoBarement of the quantity of heat 
which a body parts with or absorbs, when its temperature sinks or 
rises through a certain ntimber of degrees, or when it changes its 
state— solid, liquid, or gaseous. 

The quantity of beat can be expreBSed only by sucli of.ilH effacts as can l>e 
measured. It is usually defined by its capability of -raising a given quantity of 
some substance, as water, to a certain degree of temperature. Tiiis is called a 
thermal unit ; which is the quantity qf heat required to raiee one pound of voter 
through one degree, Centigrade. 

219. The speolflo heat of a body is the quantity of heat which 
it absorbs when its temperature rises through a given number of 
degrees (from zero to 1°, for example), compared to the quantity of 
heat which would be absorbed, under the same circumstances, by 
the same weight of water. 

Thus, when we say that the specific heat of lead is 0.0314, we mean that the 
qnantity of heat which would raise the temperature of any given weight of lead 
1' C, would rwse the temperature of the same weight of water only .0314° C. ; 
tn other words, the quantity of heat that wonld raise the temperature of one 
pound of water 1°, wonld raise one pound of lead about 32° (1 -<- .0314}. 

So also in cooling : water requires a much longer time to cool to a certain 
temperature, and gives out more heat. If 
a pound of mercury at 100° be mixed with 
a pound of water at zero, the temperature 
of the mixture will be about 8'. Thus, 
while the mercury has cooled through 97°, 
the water has been j^sed only 8° ; showing 
that water requires abont 32 times as mnch 
heat as mercury to cause the same rise of 
temperature. 

There are various methods employed to 
measure the specific lieatof abody, of which ^'* '^'■ 

that of the melting of ice affords on illustration. This is based on the fact that 
to melt a ponnd of ice, about eighty thermal units are necessary. In Black's 
ealorimeler, a cavity is made in a block of ice, into which tbe body, heated 
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to a certain tdibperaiiir<>, h placed, and ooyered. (See Fig. 184.) After Am 
body has been cooled to lero, it is taken out, and wiped dry with a sponge, 
which has been previously weighed ; the water in the cavity being also absorbed 
by the sponge. The increase of weight in the sponge represents the quantity of 
ice which has been converted into water, and becomes the measure of the specific 
heat of the body examined. There are other forms of the calorimeter, various 
in construction. 

Latent Tiettt has already been referred to (Art 190). It differs wry greatly 
in different bodies. The following shows the latent heat of fusion of several 
substances : 



Water 79.24 

Zinc 28.18 

Platinum 27.18 

Silver 21.07 



Tin 14.25 

Sulphur 9.87 

Lead 5.37 

Mercury 2.83 



These numbers represent the degrees, Centigrade, through which a pound of 
water would be raised by the heat evolved by a pound of the body in question 
in passing from tlie liquid to the solid state, or the number of pounds of water 
which could be raised 1"* C. by the solidification of these bodies, respectively. 
It requires about 142^ F. to convert a pound of ice at 32** F. into water, the tem* 
perature of which will still be SS*" ; showing that 142** F. of ieriMUe heat becomes 
latent in the process of fusion. 

This heat, though latent, is not lost, being consumed in moving the atoms 
into new positions. Thus it does a certain kind of teork, which is analogous to the 
raising of a weight. When the liquid solidifies, the heat is reproduced, just as 
when a body falls to the ground, it produces by its impact the heat, which repre- 
sents the amount of work that was required to raise it. 

Tliere is also the latent Jteat of taporization^ that is, heat that disappears in 
converting a liquid into vapor. 



Vn.— THE STEAM-ENGINE. 

220. The steam-engine is a machine iu which the elastic force 
of steam is used as the motive power In the ordinary kind, the 
alternate expansion and condensation of steam imparts to a piston an 
alternating rectilinear motion, which is changed into a circular mo- 
tion bj various mechanical contrivances. 

In describing the steam-engine, the apparatus required to produce the steam 
is first to be considered. This consists of the boiler and its appurtenances (Fig. 
135). The boiler is a large wrought-iron cylinder, P Q, with curved ends, be- 
neath which, and connected with it by two tnl)es, are two smaller cylinders, B B^ 
called heaters^ which are filled with water, the l)oiler l>eing only about half full, 
niio cut shows only one of these.) Telow those the flames and heat of the fur- 
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QMS ve made to sweep b&ck and forth, Iij the dnngbt of the chimnej E, nan- 
klly rer.v high- 

S i> thu wi/1% T<drf, a conic&l lid filled Into au orifice in the boiUr, and held 
Aowa bj B laver, bo weighted that it majr be lifted by a certain presEure, allowing 
the valre to opvn and the steam to escape, thus rednciag the pressure. 

Tlie safety wliistie, », is regulated by the Hoal E, which wheu tlie water de- 
icenda below a certain level in the boiler, opens the aperture, aud the ateam 
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escaping blows the whistle, and thus gives an alarm. F' Is a float which shows 
the height of the water by ita action on the lever and weight a. Any deviation 
of this from the horizontal portion indicates a deficiency or excess of water In the 

Tis i\\a nutn-luAe, an aperture by which the boiler maybe entered and cleaned. 
This Is self-closing, by a cover that fits against the inside edges, held in poslUon 
by a Bcrev. Thus the greater the pressure of the steun, the more tightly is this 
aperture closed. 

The dnuile-nelion engine, or WatPt engine, ie shown in Fig. 136. On the left is 
the rylinitn-, which reoeives the steam from the boiler. Through the part repre- 
sented to be broken away, the piston P may be seen, which is moved op aud 
doim by the pressure of the steam alternately below aud above. By the piston- 
rod A this motion is communicated to a large iron lever, L, called the beam, 
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which traosmita the raotloii to a connecting-rod, T, working on a crank, K. ta 
which it imparts a continDom rotatorj motion. The crank is fixed to a hori*on- 
tal ^uffi, wliicli turDB with it, and, by means of wheel* or endlew bands, *ets tn 
moUon machlilery ; or in Bloam vessels turns the paddle-wheels, or propelling 

On the left of the cylinder is a Tulrb-chest, where the steam is admitted 
alternately above slid below the pifton ; and after lis action ou the piston, ft 
passes into a vessel called the foudcnter O, into which cold water i« inject«d. 



Thns the force of tlie steam is withdrawn from each chaml>er of the «yllnder, 
after its work is done, leaving tho pressure on the otlier fare of (he piston free 
to act U is an <iir-priinp, used to withdraw from the condeiiBer tho heated 
water which It contains, and also the air which was dissolved in the water of the 
boiler. Q the fied-pump forces the heated water into the boiler; and R, acold- 
water pump supplies the condenser. Visa large iron wheel, called ihsjfy-w/ud, 
which by its inertia gives s(eadii)<.'gK lo the mutlon. 

The snpply of steam to the cylinder is usually regulated by an ingenions 
contrivance called tho ffotcTTWr, which consists of two heavy baits connected by 
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Jotnted tudt to a rerolvliig axis, and so adjusted that when the steam is too copi- 
OUB It oanaeB the balls to revoWe rapldl j, and by the centrifugal force to flj apart, 
thiu pulling doim a collar, which by means of a lever acts upon a Talve, and 
controls the supply of steam. 

221. Steam enginea are of two kinds : low pregaure and high press- 
ttre engines. Low pressure engines are mostly condeosing engines ; 
liigh presaure engines, not having a condenser, force tlie steam, after 
it has moved the piston, into tiie air ; consequently the pressure muiit 
exceed that of the atmosphere. Of the latter, the locomotive is an 
example. 

High pressore engines are Qsnailj worlied by a pressure of from llfty to rixty 
pounds to the square inch of the pistun ; and of tbis fifteen pounds must be used 
in overcoming the presanre of the atmospliere. 

vin.— soxmcBB of hbat. 

222. The «ouro«s of heat are (1) mecAaniaU, as friction, per- 
cussion, and pressure ; (2) physical, aa solar radiation, terrestrial 
heat, molecular action, changes of condition, and electricity ; and (3) 
chemical, — molecular combination s, more especially combustion. 

Friction produces intense heat, as Is seen in the esse of car irheela. ' Bj rul>- 
bing ti^ether two pieces of ice in a vacuum below sera. Sir Humphrey Davy par- 
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tiallj melted tliem. In boring a brass cannon, Rumford found that the heat de- 
veloped in 2) hours was sufficient to ruse 261 pounds of water from lero to 100', 
equal to 2,6f>0 thermal units. 

The following experiment, devised by Prof. Tyndall, demoDStrates the pro- 
duction of heat by triotiou. A brass tube partly filled with water, and stopped 
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with a oork, is pressed within a wooden clamp and made to rotate rapidly hj 
means of a band, which passes round a small wheel attached to the tube, and a 
large wheel, so that the small wheel and tobe make several turns to one of the 
large wheel (Fig. 187). The tube is heated by the friction, and when the heal 
communicated to the water raises the temperature to the boiling-point, the cork 
is forced out. 

The pneumaUc tyringe (Fig. 58, page 67) illustrates the production of heat 
by compression. At the bottom of the glass tube is a cavity containing a small 
piece of cotton moistened with ether or bisulphide of carbon ; and when the 
air-tight piston is plunged do¥m the tube, the heat caused by compressing the 
air ignites the cotton. 

The pofeder ram for pile driving is constructed on the same principle. 
Upon the pile to be driven is fixed a powder mortar, into which fits an iron ram- 
mer. Gunpowder is placed in the mortar, and the rammer is allowed to fall into 
the mortar, condensing the air, aud thus exploding the powder, which forces the 
rammer upward iuto its position before the fall, and by reaction, combining with 
the weight and percussion of the rammer, drives the pile downward. 

In firing shot at an iron target, a sheet of flame is frequently seen at the 
moment of impact ; and iron shells are sometimes exploded by striking against 
an object This illustrates the production of heat by percumoii, 

223. Solar radiation is the most intense of all sources of heat. 
The beat emitted by the sun is equal to that produced by the com- 
bustion of 1,500 pounds of coal every hour on each square foot of its 
surface. 

As the earth presents but a very small surface to the solar rays, it receives 
only an infinitesmal portion of the heat thus emitted — less than the two^ 
billionth part. A French physicist (Pouillet), by means of what he calls a pyro- 
heUometer, has estimated the annual supply of solar heat received by the earth to 
be equal to the quantity required to melt a layer of ice all over the earth 85 
yards thick. * 

224. Terrestrial heat is the heat which the earth possesses of 
itself. This is observed to increase in mines and artesian wells with 
the depth penetrated. 

The layer of eonslant temperature^ beyond which the solar heat does not 
penetrate, varies in depth at different parts of the earth ; below it, the tempera- 
ture rises about 1° C, for every 00* feet, on the average. Hot springs and 



* ** Helmholz conBidem that the heat of the sun was produced originally by the con- 
densation of a nebulous mass, and is kept up by a continQance of this contraction. A 
sudden contraction of the primitive nebular mass of the sun to its present volume would 
produce a temperatare of 28 millions of degrees, Centigrade ; and a oontraotion of one 
ten-thousandth of itn mass would be sufficient to supply the heat radiated by the sun in 
2,000 years. This amount of contraction could not be detected even by the most refined 
astronomical methods." — Oanot, 
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yolcanoes are evidences of the internal heat of the earth, which is aoconnted for 
by the theory that our globe was once a highly heated liquid mass, which has 
cooled by degrees, the surface solidifying into a crust, now supposed to be about 
40 or 50 miles thick. 

225. Chemical combinations ore generally accompanied by an 
elevation of temperature. The combination of oxygen with other 
substances, attended with the evolution of light and heat, is called 
combustion. 

In ordinary combustion, the carbon of the coal, oil, or other burning sub- 
stance, unites with the oxygen of the air ; but combustion may take place with- 
out oxygen, as when phosphorus unites with chlorine. The union of any sub- 
stance with oxygen is called oxidation. When oxidation is slow, as when iron 
rusts in the air, the heat is imi>erceptible ; but when rapid, it becomes combus- 
tion. 

Some substances, such as phosphorus, burn at the ordinary temperature of 
the air ; but usually they do not unite with the oxygen of the air until their 
temperature is greatly raised. As soon as they ignite, the combustion goes on 
rapidly, in proportion to the supply of oxygen. In pure oxygen, substances 
bum that otherwise are entirely incombustible, glowing with the most intense 
light and heat. 

226. A flame is a quantity of gas or vapor raised to a high 
temperature by combustion. 

The illuminating power of flames is due to the presence of incandescent 
particles of carbon. A pure hydrogen flame gives out intense heat but scarcely 
any light.* 

Animal heat is due to the processes of oxidation continually going on in the 
system ; for oxygen passes through the lungs into the blood, and so into all parts 
of the body. This oxidation is more rapid when the body is exercised, and con- 
sequently there is a greater quantity of heat evolved. Oxidation is not connected 
with vegetation, except in the blossoming of plants, which is attended with an 
increase of temperature, sometimes quite appreciable, as in the Victoria regia, f 



* "The heat prodnoed by the chemical combination of two elements may be com- 
pared to that due to the impact of bodies agunst each other. Thna the action of atoms of 
oxygen, which, in virtue of their progressive motion and of chemical attraction, rush 
against ignited carbon, has been likened by Tyndall to the action of meteorites which 
fall into the sun." — OatwL 

t The Vi^oria regia is a pUnt which resembles the white water lily, found growing 
in the waters of the Amazon River and some other parts of South America. Its float- 
ing leaves attain a diameter of four or five feet, and its white and rose-colored blos- 
soms, which rise from amongst the leaves npon prickly stalks, are sometimes twenty- 
three inches in diameter. Its fruit is a large spherical capsule filled with &ffinaceous 
seeds, which afford a nutritious and agreeable article of food. 
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( I.— Nature and Gbnkral Bffbctb of Heat. 

1. Definition of heat. 

2. Theorie.«tolUcu«: ) ^ ; S^t^Son. 

8. Correlation of heat and meohanioal foree> 
4. General effects. 

1. Internal \ i' 2^^"^?» !!°'P®''**"'®- 
work: 



[. Raising temperature. C 1. Linear. | d 

\, Expansion <2. Saperficial. [ 3 

t. Change of state. ( 8. Cubical. ) £ 



2. External work — Overcoming atmospheric pressure. 

IL— >Tbmfbratubb Ain> Its Mbasurememt. 

1. Temperature, defined; distinguished from quantity of heat 

2. Thermometer: 1. Alcoholic. 2. Mercurial. 

i 1. Fahrenheit. 
8. Thermometrio scales : < 2. Centigrade. 

(3. Reaumur. 
4. Pyrometer. 

IIL — ^Expansion of Bodies bt Heat. 



1. Of solids. — Illustrations. 

1. Co-ei&cient of expansion. 

2 Compensation pendulum. — Gridiron pendulum. 

2. Of liquids. ) Co-elficleut of expan- j Greatest density of water. 
8. Of gases. ) sion. ( Specific gravity of a gas 

lY. — Chakoes of Condition, due to Heat. 

1. Fusion. 

2. Crystallization. 

8. Vaporization: 1. Evaporation. 2. Ebullition. 

4. Distillation. 

6. The hygrometer. 

v.— Transmission of Heat. 

1. Radiation: 1. Laws of . 2. Radiant heat. 3. Radiometer. 

2. Conduction. 

8. Convection: 1. In liquids. 2. In gases. 

4. Reflection and absorption of heat.— Diathermancy. 

VI. — C alorimetry. 

1. Si>ecific heat. — Measurement of. 

2. Latent heat :{^:g{'-^S«„„„. 

3. Calorimeter— Black*s. 

VIL— The Steam-engine: \l' ?i^^^?I!!?^!:!®* [ Construction. 

( z* Liow pressure. ) 

vni.— Sources of Heat. 

1 iirA/«T.anSo.i . i ^' Friction. 

1. jnecnanicai. ^3. Compression. Pneumatic syringe. 

3 Tit- • -1 ( !• Solar. 
.Physical:-} 2. Terrestrial. 
8. Chemical. — CombustioD. 
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APPLICATION OP PRINCIPLES. 

SxpkUn the following .* 1. Why the savage can obtain fire by rubbing two sticks 
together. 2. Why ice is formed only at the surface of the water. 8. Why, in con- 
stmoting a railroad, the ends of the rails are placed a short distance apart. 4. Why 
pipes uRed to conduct heat are made of bright tin. 5. Why those used to carry off 
smoke are of dark iron. 6. Why iron becomes hot when it is hammered. 7. Why 
water boila at a certain temperature. 8. What causes the snapping of green wood 
when it is burning. 9. Why stoves are made of dark unpolished iron. 

10. Why a blackened stove gives out more heat than a polished ona 11. Why a 
mercurial thermometer cannot be used in very cold regions to indicate the extreme cold 
of the atmosphere. 12. Why the handles of tea-pots are made of wood. 13. Why the 
air will not deposit moisture (dew) on an iron surface. 14. Why woolen garments are 
worn in the winter. 15. Why cotton or linen garments are more comfortable in the 
summer. 1(1 Why a piece of marble or metal feels, in the same atmosphere, colder 
than a piece of wood. 17. Why water- pipea sometimes burst in the winter. 18. Why 
solder is made of an amalgam of tin rather than of pure metal 19. What makes 
steam a peculiarly efficient heating agent. 

20. Why steam is more efficient than water at the same temperataxe. 21. Why run« 
ning water does not freeze as readily as stagnant water. 22. Why the soil is broken up 
by the frost. 28. How it is that snow protects the soil from severe frost 24. Why copper 
cannot be cast into moulds, like iron. 25. Why water boils at a lower temperature at 
great elevations. 26. Why in summer there is less moisture in the air in the afternoon 
than in the momiog. 27. Why heat is admitted into the lower parts of a room. 
28. Why openings into ventilators are placed in the upper part of the walla. 29. Why 
straw is used to protect plants from the frost. 

80. Why it is colder on the tops of mountains than at the general surfi^e of the 
earth. 81. Why wool, furs, and feathers, are bad conductors of heat. 32. Why, in 
boiling water, the heat is applied to the bottom of the vessel. 83. Why a person can 
hold a burning stick near the heated point, and not a rod heated at one eitL 84. Why 
the solar rays give out more heat in the summer than in the winter. 85. Why, in dig- 
ging wells, the heat increases with the depth. 86. Why burning carbnretted hydrogen 
(carbon and hydrogen) gives out more light than pure hydrogen. 87. Why exercise in- 
creases the heat of the animal system. 88. Why water boils more rapidly in a metaUio 
than in a porcelain vessel. 89. Why carpeted floors are warmer then bare floors. 

40. Why double windows effectually protect a building from cold. 41. Why two 
garments are warmer than a single one of the same material and of a thickness equal 
to the two together. 42. Why window panes do not exclude the solar heat, while 
they confine the heat of the room. 43. Why a good fire-screen can be made of 
glass. 44. Why black clothes should not be worn in the summer. 45. Why the fire- 
irons are made of polished metaL 46. Why tea-pots are made of polished metal. 
47. Why the air feels particularly chilly during a thaw. 4^. Why a moist atmosphere 
is oppressive in hot weather, and raw and chilly in cold weather. 49. Why ice is pre- 
served from melting by being wiapped in flannel. 50. Why a pitcher of cold water 
sweats in hot weather. 51. Why water, in a heated atmosphere, may be cooled by wrap- 
ping around the pitcher a wet cloth. 53. Why water boils more quickly in a vacuum 
than when exposed to the air. 58. Why the continued application of heat to melting 
ice does not raise its temperature. 54. In what way the application of a cold liquid 
may be made to produce the phenomenon of ebullition. 



CHAPTER VIL 

LIGHT. 

I.— ORIGIN, TRANSMISSION, AND INTENHITT OF UGHT. 

227. Light is the agent which, by its action on the eye, excites 
in us the sensation of vision. That part of physics which explains 
the properties of light is called optica, 

228. The two most noted theories advanced to explain the origin 
of light are the emission or corpuscular theory and the undxdatary 
theory. The former conceives light to be an imponderable substance 
consisting of exceediugly minute particles, which are propagated 
with immense velocity ; the latter, that it is caused by \ibrations in 
the luminiferoxiH ether, a subtle elastic medium filling all bodies, as 
well as the celestial spaces. 

The emission theory was supported hy Sir Isaac Newton ; the unduUitory 
theory, th|^ principles of which were enunciated by Huyghens and Euler, has 
been adopted by most modem physicists. It not only explains the phenomena 
of light, but accounts for the connection between these phenomena and those of 
heat, both being analogous to those of sound. * 

229. Luminous bodies are those which emit light, such as the 
sun and ignited bodiea Bodies through which the light is trans- 
mitted, so that objects can be distinguished through them, are said to 
be transparent^ or diaphanous. Those that transmit light imperfectly, 
so that objects are not visible, are said to be translucent ; such as 
ground glass, oiled paper, etc. Opaque bodies do not transmit light. 

230. A iu mi nous ray is a line of light proceeding from a lumi- 
nous body. A collection of rays is called a pencil. Bays are c^ti;er- 



* " The justification of a theorj consists in its exclasive competence to acoonnt for 
phenomena. On such a basis the Wave Theory ^ or the Undulatory Theory of light, 
now rests, and every day^s experience only makes its foundations more secare.*' — 7^1- 
dalL 
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gent when ihey separate trom one another, and convergent when the; 
tend toward the same point. Bays that neither diverge nor con- 
verge are parallel. 

231. Every luminous body emits rectilinear divergent rays from 
all ita points and in every dii-ection. 

232. A medium is any substance traversed by light, aa air, 
water, glass, etc "Wheu its density and chemical composition are 
the same in all its ports, it is said to be homogemous. 

233. In every homogeneous medium the rays of light ore propa- 
gated in straight lines. 

ThU beoomes ubTlonn wlien light puses into t. dark room through % small 
apertnre, the luminous tnce becomiug visiblu hj the light falling upon the par- 
ticles of dust * 

234. A shadow is the EjMice from which the light proceeding 
from a luminous body is excluded by the intervention of an opaque 
body. The form and extent of this space must depend upon the 
relative magnitudes, the shapes, and positions of the luminous and 
opaque bodies. 

Let the light be conceived to emanate from & luminous point, S (Fig. 188S H 
being au opaque splierlcal bodj . Straight lines drawn from the point S m as t« 



, Fig. ixa 

touch the aiirface of M, wi!l indicate the limits of the obscuration, ami the form 
of the shadow, whicli in this case is a truncated cone, a section of vhich is seen 
on the BCrenn PQ as a circular shadow, H 0. 

But suppose the luminous body, as well aa the opaque bodr, In a sphere, as 
shown in Fig. 136. Then the lines S H G, L N H indicate the limits of the shadow, 

* " Light, though the oanse of vision, is itself invisible. A innbeam, indeed, is 
■aid to be leeD when it (raTcnea a dark raom throngh a hols in the ahntter, or when, in 
a partially oloaded aky, InmiDons bands or ray* are observed aa if darted throngh open- 
ing* in the olonda. divprging from the place (nnaeen) of the aun. at the vanishing point 
of their puallel linee seen in perapacttve. Bnt the thing seen in anch ouee i* not the 
light, but the innamenble paiticlea of floatin|[ dust or smoky vapor which oatoh and 
reflect a smaU portion of it. "^Sir John IlritrhtL 
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□rBp»c«of toUl obociintion : ftud tbe lines LHD, 6KC, tlie Umitaof putulob- 
scuratioQ, called the ptnumlrm, % section of which lippeus on the screen »s a 
putly dukened ring around the circular shadow. 

If the luminooB body were larger thui the opaqao body, the shadow would, 
obviotisljr, be a oone. Thus if M N were the luminous bodj, and S L the opaque 
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body, the space A B L would be the shadow. Such a shadow is always formed 
beliind the eartli aud moou by th«ir iutvrceptiou of the sun's rays, giving rise to 
the phenomcus of eclipses. 

235. Velocity of Light. — Light moves with bo great a velocitj 
that there is no appreciablo interval between any lumiDOUS phenom- 
enon and its perception b; the eye, except at an immense distance. 
It requires about 8| minutea to pass from the sun to the earth.* 

Boemer, a Danish astronomer, first determined tliis fact by observing that 
the eclipses of Jupiter's satellites lake place earlier when the earth is at tho 



point of Its orbit nearest to Jupiter than when at the opposite point, having to 
cross the orbit, from T to T (Fig. 140). The retardatiou whs observed to be 
10m. 86s,, which shows the velocity of light to be somewhat more than 186,000 
mllus n second. To pass to the earth from the nearest of the stars, light requires 
about 3J years. 

■ "CoDiidering the eDormoui velocity of light, tbe particles, if any exist, must b« 
incoaceinbly amall ; for if of any oonoeirable weigbt, they wonld infallibly destroy so 
delicate an organ u the eye, A bit of ordinary matter one grain in weight, and mov- 
ing with the velocity of Ught, would pouean the momentum of a caonen-ball 150 
ponnda' weight, moving with a velocity of 1,000 feet a seooud." — TgndaiL 
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Methods for detonnining exi>erlmentell; the Telocity of light have been de- 
vised ; that o! Fouoult waa a reyolving mirror, and that of Fizeau a rapidly 
rotating tootiied wheel. Iheir detenniaatiooB of the yelocity ilo not differ mate- 
rially from tliat given above. 

236. Intensity of Light. — The intensitiy of ill :inmaUon on a 
given surface is inversely as the square of the distance from the 
source of light. 

The light emitted by L (Fig. 141) and falling npon the screen CD would pro- 
dnoe only on^-fowrlh the illumination in falling npon AB at twict the distance ; 
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because the line A B must be twice C D, and inrfaces are as the squares of Iheir 
corresponding dimensions \ therefore the same quantity of light is diffused over 
a surface four times as great 

237. A photometer is an apparatus for measormg the relative 
intensity of light from different sources. 

It Is made In various forma. Rumford'a photometer eoneista of a ground 
giMS screen, in front of which U fixed an opaque rod (Fig. 143). Th« lights to 



be compared— for instance, that of several candles and a single candle — are placed 
M that each casts a shadow of equal intenaily on the screen. Rince the shadow 
eansed by the greater light is illumiualed by the candle, and that thrown by the 
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candle is illnminated by the other light, the illomination of the screen dne to 
each 18 the same. The intensity of the two lights most, then, be proportional to 
the squares of their distances from the shadows ; that is, if the light at A is twice 
the distance of the candle B, its illuminating power is four times aa great 



IL— REFLBCrriON OF LIGHT. HIBBORS. 

238. A luminous ray falling upon a polished surface is reflected 

from it in the same plane, and so tliat the angle of reflection is 

equal to the angle of incidence. 

Tliis may be illustrated and proved by the apparatus shown in Fig. 14o, which 

consists of a graduated circle in a vertical 
])lane. Two brass slides move round the 
circumference, on one of which there is a 
piece of ground glass, P, and on the other 
an opaque screen, N, in the center of 
which is a small aperture. Fixed to the 
latter slide there is also a mirror, M, which 
can be more or less inclined wliile it re* 
mains always in a plane perpendicular to 
that of the graduated circle. There is also 
a small mirror, 7/i, placed horizontally in 
the center of the circle. The solar ray S 
falling on the mirror M is reflected through 
the aperture in N on the center of the 
mirror m, and thence in the direction m P, 
the glass P being moved until the image 
of the aperture is seen in its center. The 
^^ -— ^-- ""■■ ^ ^PCT FIL- ' -._ number of degrees in the arc A P will be 
-*^-^"'^" '™'^ ''^ - ~- ^" >^ then found to be equal to those iuAV; 

^ and the reflected and widest rays are obvi- 
ously in the same plane. 

' That part of optics which treats of the 
reflection of light is called catoptrics, 

239. Mirrors are bodies with polished surfaces, which show by 
reflection objects presented to them. Mirrors are, according to 
their surface, plane, concave, or convex, 

240. In plane mirrors, the reflected ray seems to come from a 
point behind the mirror, at a perpendicular distance from it equal to 
that of the source of the ray in front of it. Hence, the image of any 
object is seen in the direction of the reflected ray, and as far behind 
the mirror as the object is in front of it. This image being only ap- 
parent) is called a virtiuU image. 




Fig. 148. 
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Thiu everj nj from the point A (Fig. 144) fsHIng upon tlie mirror U N, uid 
reflected h at B, seems to come from tLe point n, behind the mirror, which can 
be Bhown to be m far from the mirror m A ; dnce the lines A N and o N are equal, 
aa can be demonstrated bj geometrical proof. 

It la obrious that the image of auj object is formed bjr the reflection of the 



rayi from each of its points, as shomi in Fig. 145, A B being the object Mid n A tlu 
image. In plane mirrors the image in exactly equal to the object, and U ajm- 
metrical, and not iuTHrtcd. 

241. Multiple Images ore formed wh«u tlie mirror bos more 
than one reflectiojr eurface. This is seen when the image of a lighted 
candle is looked at obliquely in a looking-glass, and is caused by the 
double reflecting surface of the glass. Metallic mirrors, having only 
one reflecting surface, con give only one image. 

Thos, when the nye horn the point A (Fig. 146} meet the anrface of the 
looking-glass M N n port is reflected at li, forming an 
image, a ; but the odivr part pt'netratt^s the glivui and 
is reflected from the metal surface at f, causing 
another image, a', the diaUnce of wliicli from a is 
eqnal to twice the thickness of the glass. The cross 
reflections of the surfaces give rue also to oilier faint 
Images. Hetaltic mirron are, for this reason, prefer- 
able in optical experiments. 

When an object is placed between two plane mir- 
rors, forming an angle with each otiier, a variety of 
images are formed by the reflections from one mirror 

to the other, the number depending on the angle of inclination. If this is a right 
angle, three images are seen ; if of 60°, five; and if of 43', seven, the number 
Inereadng as the Inclination decreases ; so that when the mirrors are parallel, 
the number is, theoretically, infinite. 

242. The kaleldoaoope is an application of the principle of 
multiple images caused by inclined mirrors. It was invented by Sir 
David Brewster. 



140 PHYSICS. 

It consists of a tube in which are three plane mirrors haying an inclination 
to each other of GO ' ; one end of the tube is closed by a piece of ground glass, 
and the other hy a cap containing an aperture. Between the ground glass and 
another glass disc, small pieces or colored glass are inserted, which assume differ- 
ent positions as the instrument is turned ; and the images of these, as reflected 
by the mirrors, present an endless variety of symmetrical and beautiful forms. 

243. Regular and Irregular Reflection. — The light which falls 
OD an opaque body is partly absorbed, and partly reflected— either 
regularly, as by 'polished surfaces, or ii^egularly, that is, scattered in 
all directions. The latter, called diffused lights is that which renders 
objects visible ; regular or itpeculoid reflection renders the reflecting 
object invisibly. 

Tlie more comj>lele the reflection of a mirror, the less visible is the mirror 
itself; but diffused light shows us the objects from which it is reflected. The 
air diffuses the light of the sun ; otherwise the sun would appear as a lumi> 
nous globe in a dark sky. Twiligiit is caused by this irregular reflection of the 
light by the atmosphere, when tlie sun is a short distance below the horixon. 

244. The Intensity of reflected light is always less than that of 
the incident light, because some of the original vibrations are con- 
verted into vibrations of the reflecting surface. It increases with the 
obliquity of the incident rays. 

On this account, a sheet of white paper will reflect the image of a light when 
viewed obliquely, but not when viewed perpendicularly. 

The intensity of reflected light varies with different bodies. Wlien the inci- 
dent rays are perpendicular, a metal mirror reflects } of the light ; a looking- 
glass coated with mercury, | ; surface of glass, ^ ; and that of water, ^. 

245. The heliograph is an apparatus for signaling at great dis- 
tances by means of reflected solar light 

It consists simply of a small mirror mounted, and so adjusted that it can re- 
ceive the light of the sun and reflect it to any particular point. By varying the 
motions and changing the reflections, or obscuring them for a longer or shorter 
time, alphabetic signals can be produced. The heliograph was used by the 
English with good effect in some of their recent wars, as in Afghanistan and 
Africa. Signals have been sent at the rate of twelve words a minute a distance 
of 40 miles. 

246. Curved Mirrors. — When a concave or convex mirror has a 
curvature corresponding to the inner or outer surface of a sphere, it 
is sometimes called a spherical mirror. There are other forms of 
curved mirrors, such as the parabolic minvr, the curvature of which 
corresponds to that of the curve called a parabola. 

247. The focus of a curved mirror is the point in which the re- 
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Bected rays meet, or tend to meet, if produced backward or forward. 
There may be either a real/ocm, or a virtual/ocus. 

The uigle formed by joining the extremities of a spherical mirror with the 
center of carvature ia called its apertare. The aperture Is neually quite vnall — 
from 8 to 10 degrees— In order to avoid certain irregularities in tbe rullectiona, to 
be referred to farther on. 

248. Concave Mirrors. — Parallel rays fnlliDg ii^x)]! a concave 
(spherical) mirror are reflected to a point called the priiwipalfociw, 
which is very nearly half-way betweeii the surfiice of the mirror and 
the center of curvature. 

Parallel rays are those that are parallel to tlie principal iLrit, A L (Pig. 147), 
of the mirror. These, b; the general law aa to the equality' of the angles of in- 
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cidenee and reflection (C B H, C B F, etc.), are reflected to F, which is very 
nearly half-way between A and C. Terfectly parallel rays presuppose that the 
luminous source is at an iuOnito distance ; bnt the sun is so far distant that the 
solar rays may, practically, bo considered parallel. In these cases, it will bo 
seen that the normnl or perpendicular from which the aiij^les of incidence and 
reflection are determined, is (he line drawn from tlic center C to the surface of 
the curved mirror. 

Conversely, it a luminous body bo placi'd at F, the principal focus, the re- 
flected rays will bo parallel. 

249. Divergent rays felling from a himinous point upon a con- 
cave mirror are reflected to a real focus in front of the mirror, or fomi 
a virtual/ocus behind it, actx>rding as the luminous point ia beyond 
the principal focus, or between it and the mirror. 

Let lis conceive the lorolnous point to be at L (Fig. 148), beyond the center 
of enrvalnre. It will be obvious that aa the angle of incidence C K L is less 
than C K 8, the angle formed by an iucident poralle! ray, the angle of reflection 
most be less, which will bring the focus to some point, as (, beyond the principal 
focns F. This point I is called the mnjugntt foem. 

If the luminary were at I, it is obvious that the conjugate focns would be at 
L ; hence L and I are called the conjugaie fod ; if it were at C, the incident and 



nlleoted raja wonid eolnolde with C E, tha normil or perpendlonlu ; It at F, 
there would be no oonjugite focus, u the reflected raja would be pwkllel. 



But when the luminoiiB poiut Is piMed between the principal focus and the 
mirror, as at L (Fig. 140), In ordur that the angle of reflection C M E ma; be 
equal to the angle of incidence C H L, the reflected rajs must divei^e, appear- 
ing to converge to a point, t, behind the mirror. 
TliiB is called the HHiuiI ftxju. 

When the laminous point ia not on the prin- 
cipal axis, another axis mi^st be formed by 
drawing a line from it to the mirror pamlng 
through lliB center of curvature. Tliia is called 
the Kfcondary n.ru. Tlie aame reasoning, of 
course, determines the other points in relation 
to. ft, ne that applied to the principal axis. 
'"'■'■ '■*■'■ To Hiid the center of curvature of a concave 

)xpose it to the aun'a raya, and hold it at such a 
Bcly brilliant point of light may b« formed. 



cipal focus ; and at about twice that dislance will be the 



250. Tlie image formed by a oenoave mirror is either inverted 
and smaller than the object, or erect and larger, depending npon the 



distance of the object from the mirror. In the former case, it is a 

real image, in the latter, a virtual image. 

The preceding explanation oF ))rincipl<-a will render thia intelligible. As 
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er«i7 pdiit of the objpi^ reflects the ra;^ of light, it may ba eenridered > Inml- 
noua point ; and the light it emits Is reflect^ according to those principles. Thns 
let the Dbjeot be A B (Fig. ISO). This being situated bejoud the center C, the 
rajs are refleoted to points between the principal focus uid the center, where an 
actnal image of the object la formed. To show that it is smaller and inTert«d, 
take the point A, and And the ■ecoDdarf axis A B ; and the conjugate focus a 
will be on the line, where the reflected rays cross It. In the same manner, the 
conjugate focus of B will be at ft; and these being the extreme points of the 
image most indicate ita limits. As the reflected rays cross each other, the Image 
is inverted. 

The nearer the object Is to the center of curvature, the less is the <llflerenco 
tn siie between the object and image ; and when the object is at tlie center, the 
image Is equal to it. When the object is at the principal focus, no Image is 
formed, as the reflected rays are parallel. 

Virtual Image.— yiheji the object is placed between the principal focus and 
the mirror, a virtual image la formed behind the mirror, wbiob Is ereot and 
larger than the object. Let A B (Fig. ISl) be the object The incident rajs from 
A are reflected in various directions 
as D I and K H, and intersect each 
other at a point, a, behind the mir- 
ror, on tlie secondary axis, C f., pro- 
loi^ed, where tliej form a viHual 
image. In the same manner an 
Image, £, of B is formed; and thus 
the eye sees the image of A B, which 
Is erect, because the rays do not cross, 
and is larger than the object, because 
It Is seen under a larger angle. ■'><:- il^l. 

Thus, when a person stands at a certain distance from a coiicave mirror, he 
sees an actual Image of himself inverted and smaller; at a less distance the 
image becomes confused, and when be is at tlie focus, disappears; but as he 
approaches still nearer, the image appean erect, but larger ; the latter is a virtual 

Many curious and sometimes itarlling effects may be produced by concave 
mirrors. For example, let an Inverted bouquet be suspended in a box open at 
one side, and let the box be placed in front of a concave mirror at a distance 
about equal to its radius of curvature, with the open side toward the mirror. 
Then, by giving a proper Inclination to the mirror, a phantom image of the 
bouquet will appear in mid-air, just above the top of the box, provided the spec- 
tator stand so that all parts of the image lie between his eyes and the mirror. 

251. Convex Mirrors. — Parallel rays falling apon a convex mix- 
ror diverge from the surface of the mirror, appearing to meet at the 
principal focus, behind the mirror, which like that of a concave mir- 
ror, is very nearly at the center of the radius of curvature. 



Let S I, T K, B A, S' E (Fig. ISS), be nja pu«ll«l to (lie principal uia of K 
Dvez mlrra. Thsw, «ft«r rallMtlon, take the diTorglng dirMtious, IH, K H, 



E O, and when contluued, mxet in ft point, F, ftbout the middle ot A C, C being 

the ctnter of curTaturu. If the inrideut tumioouB nys, Initead ot being panllel 

lo tlie mis, proceed from a point, oa L, n virtual focuB will be formed at a potntt 

I, between tbe principal focua and tbe mirror. 

262. The Image foririMl by a convex mirror, wlibteTer the po- 

sition of the object, is always 

Tirtna], erect, and smaller than 
the object. 

Let A B (Fig. 153) Iw an object 
placed before a convex mirror at any 
given distance. A C and B C ara 
seoondary axe*, npon which, respect- 
lyeljr, ail the divergent rays from A 
"■■ "■■ and B are collected at the point* n 

and b, between wliicli points is ven a virtual image of tiie object, which must, 

obviously, be smaller than the object and erect 

253. Spherical Aberration. — Wlten tbe angular apertnre of a 
spherical luirror does notesceed 
8or 10 degrees, the reflected mj-a 
pass through only ono point ; 
but when the tipertnre is larger, 
the rayH reflected near the edges 
meet the axis nearer the mirror 
than those reflected by the part "* "*■ 

near the center. This causes a want of definition or cleamesa in the 
image, called Rpkerical almrration. 

254. Caustics. ^Every reflecte<l ray cuts the one neit to it, and 
their pointa of intersection form in space a ciured Burfoce, called the 
caustic by reflection. 
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The cnrve F M (Fig. 154} repreaentB one of the bruiches of & KotloD of this 
surface matio bj the plane of the paper. When the light of a candle iB reBe4:t«d 
from the inside of a cup or tumbler, a fiectiuti of the caustic surface can be Been 
by partly filling tlie cup or tumbler with milk. To bIiow the form of the oauitio 
curve, place edgewise an a sheet of vhite paper a stripof polished met«I bent 
Into the form of a circular arc, and let a light fall on its concave Bartaco, which 
will be r«aect«d on the pap«r so as to exhibit the caustic. 

255. Parnbollo mirrors are concave mirrors having the form of 
the curve known as tbe pnruholo. 

A parabolic mirror may be conceived ae generated bj the revolntion of the 
arc of a parabola, A M (Fig, ISS], about 
its axis, A X. It is n property of the par- 
alMla that the straight line F H, drawn 
from the focus P to any point, as H, of 
the curve, and the line H L, parallel to 
the axis A X, make (.'qual angles with the 
tangent T T' at that point. Hence, all 
rays parallel to the axis after reflection 
meet in the focus F of the mirror ; and, 
conversely, when a light is placed in the 
tocns, the rays that fall on the mirror nre 

reflected parallel to the axis. Parnbolio p''«- "*■ 

mirrors are, therefore, frB« from the du.'ect of spherical mirrors, which is, that 
parallel rays do not converge exactly at the principal focus. They are used in 
carriage lamps and the lamps of locomotives. 

256. Cylindrical and conical mirrors present imageB distorted 
in a ludicrous manner, varying according to the position of tbe axis. 

By an application of the laws of reflection, the exact form of the distorted 
flgure may be geometrically constructed. Thus, by inversion, an apparently un- 
couth, hideous, or almost shapeless object may be presented to a cylindrical or 
conical mirror, and the reflected image be a beautifully symmetrical form. This 
is colled anam/nphotit. 

257. Concave mirrors are very often used to concentrate light 
upon an object so as to render it more clearly visible, 

Sncli is the ophl}inlmoirr>pf, a email concave mirror with a small aperture In 
the center, through which the orulist looks from behind, while he reflfct^ a 
beam of tight into the pupil of liia patient's eye, thus rendering the rellna siifli- 
ciently visible to bo examined. 

The hirgagotfojie consists of a small plane mirror with a handle so arranged 
at an angle as to be held at the hack of the patient's mouth, into which the light 
Is thrown by a concave mirror altoclied to the observer's forehead. Instead of a 
concave mirror, a convex lens is sometimes used for (he purpose of illumination ; 
and instead ot solar light, that of a lamp provided with a concave reflector. 
W 



m.— BEFRACnON OF LIGHT. LBHSES. 

258. Refraction is the deflection, or bending, which luminous 
rays experience in posHmg obliquely from one medium into another, 
as from air into water or glass. When the incident ray is perpen- 
dicular to the Bui-&ce of the medium, it undergoes no refraction.* 
That part of optics which treats of refraction is called dioptrics. 

Let S (Fig. 15C) Tepresent an incident r«y falling 

i obliquely on the Eiir.'ace, m v, of water ; the retraotKl 
ny may thon be rppregented by H, wUicli malces a 
smaller augle with the perpend icnlar A B, tliau the inci- 
dent ray SO. ThetuigleSOA U called the angle of 
iiuMeiiee, and BOH, the an^ ofr^nution. 
Tlie direction at the refrocted ray, or the uaount of 
refraction, depends on tlie reUtiva Telocity of light in 
the two medi&i the most highly refracting mediom, 
according to the undnlntory theory, being tliat in which the vulocity is least. 

Certain cryetalKiud bodies, Bucli ns Iceland spar, break the incident ray into 
two refracted rays. This Ih called ifouAfe Tefnietion. {Art. 303.) 

269. Laws of Refraction. — 1. When the rays of light pass into 
a denser medium, as from air info water, they are bent toward the 
perpendicular. {See Fig. 150.) 2. UTien they pass into a rarer 
medium, as from water into air, they are bent from the perpendicu- 
lar. 3. The incident and refracted rays are in the same plane, which 
is perpendicular to the common surface of the two media. 

The angles of incidence and refraction &re tlius itneqnal, the latter being 
greater or less than the former, according to tlie relatlTe deuaity of tlie refract- 
ing medium. Tlic ratio of the sine of the angle of incidence to the sine of the 
angle of refraction is called the index of refniction.\ It varies with the medium, 

* "To aoooQnt for refraction, letna for the sake of nimplicit; take a poitioa of a 
circular wave emitted by Uie ■on or nome other diitant body. A short portion of inch 
a wave would be straight, ijappoae it to impinge from air apoo a plate of glau, the 
wave being in the first initanoe parallol to the sorlace of tbe glaai. Such a wave would 
go through tbe glai* withont change nf direction. But aa the velodtjr in glass is less 
than the velocity in air, tbe wave would be retarded on passing into the deowr medinni. 
But Mppon tbe wave, before impact, to be oblique to tbe sartacs of the glass ; that 
end of the wave wbicb fint reaobes the glass will bo first retarded, the other pwtions 
being held back io snocessiao. This retardation of one end of the wave canses it to 
swing round ; so that wben tbe wave has fully entered the glass, its oonrse is obliqae to 
its first direction. lti» rrfractrdr—Tyndatl. 

t The sine of an arc, or tbe angle measared by it, in a perpendicular drawn from 
one extremity of the arc npon a radius passing through the other eitiemity. It is thus 
a reatilinear meisure of the angle. 
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and is, In fact, the ratio of the Tulocitj of the incidant nya to that of the ra- 
frKitad ixyn, being, for example, from air to water, approximateLy, J ; from air 
toglas, J. From water to air it is, of oouree, reTeised, ] ; and fromglantoair, J. 

The aiitoluU index of refraetiaii of auy medium ie the retractive index when 
the rays pass into the medium from a racuiim ; and the rAtlne indei, wlien the 
light pastes from one medium into niiotlitr, is the ratio of tlie absolute index of 
the one to that of tiie otbtr. Tlio folluwing sliuws, appro xiiiiately, tlie absolute 
Index of a few BubstauceE : 

Pure water l.JKJ Crown-glass 1.53 

Alcohol 1.37 Flint-glass 1,61 

Humors of the eye 1.38 to 1.84 Sapphire 1.79 

Oil of turpentine 1.48 Diamond 2.47 to 2.76 

F^enmnena <>f EifnuHon. — There are many interesting phenomena due to 
refraction. Bodies immersed in water appear nearer the surface than they niallj 
are. Thna an object at L (Fig. 1ST} seen in 
watei appears atL', because the rajrs passing 
from it are refracted, aa at A and B, taUng 
the directions A C and B D, which Intersect 
. at L', where the body Beems to be, as it is 
seen in the direction In which the ray atrikes 
the eye. 

For a similar reason a stick plunged 
obliquely into water appears bent, the im- 

mersed part being raised (Fig. 158). The i ■ 

foUnwing fsmillar uiperiment will illustrate this effect of retraction : Place a 
cmn in a basin, and stand in such a position that looking obliquely over the top 
of the basin, tho coiu may be just out of sight. Xow puur water into the basiu, 
and the coin will become visible. 

As the rays of light from the heaveul/ bodies are refracted iu passing through 



F(g IBB, Fig. 180, 

the atmosphere, these bodies are not seen in their true places except when in the 
lenilh. This jiires rise to nrtronomieal rffrmtton, which increases the altitude 
of the heavenly bodies— at the horizon, about half a degree. 

260. Total reflection is a phenomenon prodaced when the 
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incident my doea not emei^e from the refotctlng medium, but under- 
goes an internal reflection. 

Let the incideut ray be 8 0(Fig. 159), pnasing from adbiigeDiediamlDtoanre 
one ; aud thu a.ng\e of incidence S B, be sucli that the angle of reflectioD A O B 
maj be a right uigle, and the refracti^ ray O B be coincident with the Hurface of 
the medium. Now, if the nngle cit Inoidence be greater tLon SOB, ns P O B, 
it will follow Uial tlie angle uf refraction will be greater, as A O Q ; and thus the 
refracted ray O Q doea not emerge, hut is rettecMd. Ihe angle S O B ia called 
the erilieai iinyie (or HmiUng angle). From water to air it is 49' 35' ; from gloss 
toair, 41' 48 {flint-glass, !)»■ 41'); from tlic diamond to air, 23= 43'. • 

Tlio following exporimenl will illustnito thia : Place an object, A (Fig. IBO), 
in a certain poaitiou before a glass vessel filled with water ; so that when the 
Burfoco is looked at, as i<liown <u Ilie figure, the object may be seen at ii, the raja 
being reflected at m, after refraction, in llie direction of til u. 

Similar elTectfl of total reflection, as seen in aquaria, add much to the beaotj 
of their appearance. 

As in total reHection there is no loss of light from absorption or transmiasion, 
the effects are of extreme brilliancy. The iueter of transparent bodies having 
plane surfaces, as the facets of glass chandeliers, and especially of those of the t 
diomoud, is dne to total reflection. 

2C1. Tbe mirage is an opticul illusion cauaiug inverted, and 



sometimes double, images of distant objects to be seen in tbe atroos 
phere or below the ground. 

This phenomenon is of most frequent occurrence in hot climates, especially 
• "ReaUu clearly that a bundle of light rayn filling on ongnlar tipaoeof 00° before 
that in the com of the diamond the coDdenBatioD is from 90° to 23° 41?."— TVnrfofl. 
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on Baniy plains, where the gronud often presents the BSpect of a tranquil 
lake, on irhlch ate reflected treoB and villages. It is caused b; the refracUon 
reaalting from the unequal densit; of tlie different layers of the air when ex- 
panded by contact witli Die heated soiL The leant dense of these are then the 
lowest, and a luminous ray from an elevated object, as A (Fig, 181), passes 
throogk layers which are less and less refractinR, since the less the density the 
leas the refracting power of asubstanqp. When the direction incidence reaches 
the critical angle, the ray rises, as seen in the Hgnre, and undergoes a series of 
refractions In the direction contrary to tlie first, since It passes through layers 
gradually increasing in density. It tlien reaches the eye in the direction A', 
as if It proceeded from a point below the ground, giving on inverted image of 
tlie object as reflected from the calm surface of a lake.* 

The phenomenon called fata moryana, observed in the Stmil of Husslnn, is 
a kind of mirage. A person on the shore at this place Bees upon the water images 
of various objects— looking like castles, towers, villages, trees, somettntes plains 
with lierds of cattle, and armies of horse and foot, all passing along the surface 
of the sea. Sometimes they are seen in the air, but not so vividly, and occasion- 
ally are fringed with colors. They were at- 
tributed by the common people (o tlie fairy 
(Italian, fatii) Morgana. Hence the name. 

262. Wheu light passes through a 
medium having parallel faces, the emer- 
gent rays are parallel to the incident rays. 

Let H N (Fig. 162) be a glass plate with 
parallel faces; and let S A be the incident ray. 
This ray, being bent toward the perpendicu- p|^ j^ 

lar, passes through the gloss in the direction 

A D ; and, it is obvious, that at D it will be bent from the perpendicular as 
much as it was at A bent toward it, and will emerge In the direction D B, paral- 
lel to S A. Thus, objects observed through a window-pone ore Been in [heir Uue 
places and with their proper forms, unless tlie glass is of unequal density, or has 
an uneven surface. 

263. Refraction by Prisma. — A prism, iu optics, is any trans- 
parent medium having two plnue refracting surfaces inclined to each 
other. 

The intersection of the two faces is called the ^gr. of the prism, and their 
Inclination is the refmetiiig angle. The prisms nsed for experiments are usually 
right triangular prisma (Fig. 163), a section of which is sliowu in Fig. 184. The 

*^^ While the French army was marching through the sandy deserts of Lower 
Egypt, they uw varions phenomena of tinuauil refraation, to which they gave the name 
of mirage. When the larface of the gand was heated by the sun, the land seemed to be 
terminated at a certain distance by a general inundation. The villages sitaated upon 
eminencM appeared to be so many islands in the middle of a great lake, and nader each 
village there was an inverted image of it. "—SremUr'i Optki. 



point A ii oalled ths minmil of the prism, uid the line B C the Aow. The inol' 
ddiit ray O D, being refrocl^d at D, puses through the prism iu the direction D K, 
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nearer llin normal, or pi<rpendloii1>r, and at K poattea out in the direction K H 

niray fmni tliu pvrjiendicular. Tlius it is refrocUid twice in the same direction, 
lovard the boae ; and Iha eyts sees tlie object at O', 
ncnror thu summit than its trua piRjition, Tlio angle 
O E O' is called the iliigU of ihruitiou ; it increases 
trilh the index of refraction of the material of the 
prism, OS well aa witli its refracting angle. 

TliH poiypritm is formi-d of several prisms having 
the same angle, coiini-ct.-d nt their ends (Fig. lOS). 
These prisms are i^umpiwd of dilTerfnt snbatauces, 
Biirh OS flinl-glasa, ruck-crjstal, and crown-i^liHi ; and 
an object seen through them appvars at difFere>it 
heights, at the greatest when seen through the Bint- 
gloss, aa that haa thi' largest index of refraction. 

Tlie rujM-niiritnl prii'ii affords a useful application 
of the principle of total reSection. Let A B C (Fig. 
100) be a section of such a prism, O a luminous point, 
and O H a raj at righl angles to the face B C This 
ray entera the glass without being refracted, and 
'-~~~ makes with tlie face A 3 ati angle of 45'. This angle 

"^ being greater than the critical angle of glan (41° 48'), 

the ray undergoes total reflection, wliich glvea 

to It a direction, H I, iierjiendiciilar to the 

face A C. In this way the hypotbenuae face 

of this prism acts as a perfect plane mirror; 

and an eye at I sees the iniiu!.' of O at O'. 

Such a prism lina n valnalilc npplicatiim In 

several optical instruments, ns the [telescope. 
2C4. Lenses. — A lens is n ti-nnspa- 

rent body with two Burfncea, of which 

one at least Is curved ; and is used to cause, by refraction, the rays 

of light posaing through it to converge or diverge. 




LIGHT. 



IBl 



266. There are six Idnda of lenses, cbtasified according to die 
surfaces b; which they are formed ; four being formed of curved 
surfaces, and two of a curved and a plane surface. 

These Me sbotni In Fig. 107, where A is & limiUe rannac lens ; B, a piano- 
amrex ; C, a eoarergi'iig iiieiiiKUt, or eoneam-xarez ; D, a (fouMe eoneace; E, a 




FiK. Itn. 



I or dirfrging mrauent. Th« fl«t three, irhloh 
the tKlg«, cause the raj's to coDvvrge ; the others 



jiarto-eoneare ; 

are thicker at the centei 

caase them to diverge. 

The priiifijxd nj*r of a loiig ot two eur»eil siirfacus U a straight line drawa 
through the centers of curvature ; of a luiis having a plane surface, it is the 
perpeadicalar IhI fall from thit center of the eplicrical face on the plauu face. 

266. The focus of a lens is the point at which the refracted rays, 
or their prolongations, meet. A double conves lens has a real and 
virtual focus, like a concave mirror. 

267. Convex Lenaea. — Parallel rays falling upon a convex lens 
meet^ after refraction, at a point called the principal focm. Divergent 



rajB become parallel, convergent, or divergent, according to the 
position of the source of light. 

Thna the raj- L B (Fig. 108), parallel to the pHncipal axis M P, Ib retracted 
at B and D, and meets the axis at F. wht-re the other parallel nyi meet, when 
the arc D E does not exceed 10° to 13°, Tlie line F A ia called Ihe/ocoi dittance. 



In ordinaij leiuea, which are ol orown-glus,* uid ita which the radii of the two 
■arfmcss ue equal, tlie principal focui F ooincides verj nearl; with the eeater of 



When the lumiuoiis poiut U at F, tlie leiu coDverts the divergent into pai^ 
allel rays ; but whvD tlie luminous poiut in beyond F, on the principal ailit, aa 
at L (Fig. 16V), they Bn> madH to convei^n to a point, I, called the conflate foeiu. 



Fig l«9. 

A«oordiug as the luminonB poiut comes uearer the focus F, the convei^ence of 
tlie emerging rays decreases, the focus I becoming more distant ; when the source 
of light Is at F, the point I is Inlinitely distant, tlie emerging rays being parallel ; 
and when the liglit is between the focus F and tliu lens, the emerging rays 
diverge, and form a virtual focus, I (Fig. ITO), the same side of the lens as the 
luminous point ; because the incident rays, as F I, make greater angles wilh the 
perpendicular than the ray F I ; and, therefore, they emerge at a greater angle, 
and become divergent rays, as H K, O M. 

The optk'il eriiter of a lens is a point ou the axis through which the luminous 
rays pass without undergoing any chauge of direction, the emergent ray heiug 
parallel to the Incident ray. lu a double-convex or douhle-coucave lens, the soi- 
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faces of which are of e<|ual curvature, this point Is midway between the surfaces ; 
In lenses with a plane face, it is at the intersection of tlio axU with the curved 

Every straight line which passes through tlio optical center of a lens Is a 
tteondary axit. 



• Crown-glau i» a fine aort of «indow-gl»M, not containing the oiido of lead, which 
ia an ingredient of flint-glas*, and (CTvei to give the latter iU pecaliar cbaraoter. 
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To find the optical center otalenB, draw tmj radios, as C A (Fig. 171), from 
the center ot ourviture C to any point of the curve, as A; and from the other 
center of curvature C draw a parallel radius C A' ; connect these points bj the 
■tralght line A A', and the point of iuterwction O with the axis will be the 
optical center of the lens. For tlji! part of tliu lens contained betweun the par- 
allel radii auty be considered a luediiim with parallel faces ; and bence the rajr 
K A wbicli enters it at A eaergtH from it nt A' as a paralltjl ray. A' K'. Every 
lumiuuuB ray that posses Ihruiigli the pfrint O may be cunuidered a secondary axis, 
since the deviation of the ray from a straigtit line is very slight iu passing through 
a medium with parallel facen. 

268. The Image formed by a convex lens, like thnt of a con- 
cave mirror, ia either renl and inverted, or virtual and erect, according 
to the distance of the object from the lens. When virtual, the image 
is always magnified. The real image is larger than the object, when 
the latter ia a little beyond the principal focus ; and much smaller, 
when the object is at a distance. 

In lenses, as iu mirrors, the image of an object is the collection of the foci of 
its several points. Let A B (Fig. ITS) be placed twyoud the principal focus of 
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the leng whose optical center is O. Every ray from the luminous point A will be 
refracted at I and E and cross the secondary axis at ti, the conjugate focus of A. 
In the same manner, rays from B cross the secondary axis at b ; and as tbe points 
between A and B have tlieir foci between n and li, a rril image is formed there, 
which is inverieil berauise the rays cros?, and \s smaller because the rays are 
made to conven;e. This imago may be received on a screen, anil thus seen ; or 
tlie eye may )>e so placed as to receive it on the retina. It is obvious that It ah 
were the illnminated object, A B would be the image, and in tliat case would be 
larger than the object. 

When an object, as A B (Fig. 1T3), is placi'd l>elwoon the lens and its princi- 
pal focus, every ray from the point A, as A C, after Iwing refracted at C and D, 
diverges from its secondary axis, O A, crowing tbe prolongation of It at <i (see 
Fig. ITO) ; and iu the sane toaiinpr those from B intersect at ft, between which 
points a virtual imago is formed, lari.'<'r than the object, becanse seen under a 



luger >ngle, »ad erect b«e*aBe the raj's do not erois. This mtJcea the donbl»- 
oonvez lent » nugcif jing g\tm, or limpU mieroieope, the magnif jing power being 



Fig. 1T8. 

greater In proportion aa the lens is more couTez, snd the object nearer the prin- 
cipal focus. 

269. Concave Lenses. — Luminoua rays foUing upon a cODcave 
lens, whether tbey are parallel or divergent, diverge after refraction, 
and meet at a vii-tuttl focus on the aamo side of the lens as the source 
of light 

Let 8 8' (FlR. 174} be anj pencil o( rajB parallel to the axis of the concava 
lent. The ray S I Is refraclud at the point ol incidence I, Bud Is brought nearer 



Pig. JH Fig. im. 

to the normal C I ; on emerging at G it Is refracted from the normal GC, and 
becomes G H, so that each refraction removes it from the axis C C. In the same 
wny Ihe parallul my H' K emerges as M N. Hi'ncc, as these rays all divei^, 
there is no real fot-iis, but a virtiinl fociiH at tliL-ir iwiiiit of iiiterKcclion, P. This 
is called the priiiei/nl viriiudfiieii*. 

When the mj-» procei'il from a luiTiiiious jmint, L (Fij;. 175), on the axis, it 
may be shown by n Himilar coiistnirtion, that a virtual focus is formed at I, be- 
twven the prinuijial focus and the letiK, 

270. The Image formed by • ooncsve lens, like that of a 
convex mirror, is nlwuj's n virtual one, erect and smaller than the 
object. 

Let A B (Fig. 176) be an object ploci'd in front of a double^oucave lens, the 
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opHcal center of whloIiiBO. Tithe HecondAry uIb AO be draim from the point 
A, all rays, A C, A I, from this point are 
twice refracted in the ume direclio! 
divergent from the sxiB A O ; bo that the 
emerging nye, D E and G H, appear t 
come to the eje from a, the point wlle^ 
their prolongationa cross the Beeondary 
ania. In like manner the rays from B 
cross the Beeondary aula BO at A : and ' 
between a and b au image, a b, is formed. 
Bpheriail aierralwa cansea an india- 
tinctne!» in the images formed by lenses 
of lai^e aperture, as in the case of mirrors (Art. 2SS). The rays emitted by a dn- 
gle point do not, aa has been conceived, inluraect at a single point when the 
aperture of the lens exceeds 10° or 13°. In that case, the rays which traverBu 
the lens near the edge are refracted to a point, F (Fig. ITT), nearer tho lens than 



Pig. ITO. 



Fig. m. 

the point 0, which is the focns of the raya which paai near the axis. This is 
called tpheriral aberralitn bg refrattion. 

Ciiiulie* by refraction are the luminous surfaces formed by the intersection of 
the refracted rays. (Art. 254.) 



IV.— COMPOSITION OP LIGHT. COLORS. 

271. White ligbt is found by meana of refraction to be composed 
of several different kinda of light, eacli of a peculiar color. 

To decompose a pencil of light, as 3 A (Fig. 178), let it pass through a small 
apertnre into a dark chamber, placing a flint-glosa prism, P, horizontally in ita 
path. The beam on emerging will then be refracted toward ita base, and will 
fall on a screen in the form of a vertical band rounded at the eade and showing 
•11 the colors of the rainbow. 
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272. Solar Speotrum. — This band of colors is called the solar 
plectrum, being formed of the light of the son. It containa the seven 
principal cotonr— violet, indigo, blue, green, yellow, orange, red, and 
all their iDtermediat« tinta. This Beporation of light into its compo- 
oent rays ia sometimeB called dispfijsion* 

ThU separatloD tokel place ou rcfrBctJon, becBQBe the ray b are nut eqaally 
refrangible, eomu being bvul more thftn otliera. 1 he position of the colon in tbe 
spectrum ehows lliat the violet ruyt are the moet refrauglble and the red tlie 
leMt (s«e Fig. 178). Violet occupiex the greatest space in the spectrum, and 



orange the least. The length of the spectrum varies with the rlupertiM potner of 
the substance compoeing the prism. The dlsperaWo power of flint-giass is almost 
double that of crown -glaaa. 

' The color of light dtponds on the length of the ether waveE, which gradn- 
ally diminish from the red to the violet. The length of a wave of red light has 
been estimated to be about .000034 of nn iuch ', that of a wave of violet light, 
about .OOOOIG of an inch. Tlieie are the cxtremea. The velocity of light being 
180,000 mileB in a second, tliis reduced to inches and divided by .000024 will give 
the number of waves of red light that must enter the eje in a second— equal to 
more than 400 billions ; while those of violet light are more than TOO billions. 

Color ie to light what piti;li U to sound ; since the pitch of a note depends ou 
the number of olr-wavi's that strike the ear in a si'cond, and the color of the light, 
upon the number of ether wsv(>s which strike the eye in a second. 

273. Tlie sj>ectrum formed by an artificial light contains one or 

• Sir Imu Newton wu the Grat to unnvfl (he aoUr light, and Urns to show that it 
is compa«d of an infinite naniber of rays of dilTerent deijrens of refnngibility. This ia 
aooonnled (or by conceiving the wavea of ether which are generated by laminoaa bodice 
to be of uneqnal length. In the procciu of refraction, the thort waves, being more 
retarded th«n the long od», are bent farthcc from their direct worse. 
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more of ilie colors of tho solar Hpectrum, arranged in the same order. 
The color of the flame is the predomiaating color of the apectrnu. 

274. The colore of the spectrum are aimple and cannot be further 
decomposed hj refraction. 

This can be alioim in the followiug manner : Bj means of a screen, E (Fig. 
1TB), intercept all the colored Tajrs of the spectrum except ooe, and let that pan 
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throagh a second pHsm, B ; and it will bo found that, thoagh the rajs are re- 
fracled, the image received on the screen H is of tlie same color as the raja 
allowed to pass, allowing that no further decomposition can be effected. 

275. The reoompositlon of white light may he efiected by al- 
lowing the refracted ra^s to pass through a second prism of the 
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same material and same refracting angle as the first, but inverted in 
position. 

This is ahoini in Fig. 18D. The pencil of light S dispersed b; one priam la 
rccomposed by a second, passing beyond the 
latter as a p«ucil of white light, and ptfrellel 

to a. 

Instead of a second prism, a double- 
convex lenB may be employed, as shown in 
Fig. 181. 

When the spectrum is made to fall apon pjg^ le^ 

a concave mirror, aa shown in Fig. 182, a 
white image is formed in (he focus, the dispersed rays being recombined by the 
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That the KVMi (Tolon of the tpectrum form white ean be ihown bj an app*- 
ratoB called Nettton't dite (Fig. 18S|. ThlB ie a circulu' pi«oe of cardboard about 
a toot in diameter, the center and edges of which are coTered with black paper, 
while In the apace butweeD thvse are pasted atrip* of paper of the colors of the 
apeotram, in their proper proportions (Fig. IM). When this disc la rapidly 



Fig la 

rotated, tlie tmpreisioiiB of the colors are blended, and tlie effect on the retina is 
nearly the same m that of white light* It la not exactly the same, becanse the 
proportions of color cannot be mode precisely to correspond with Uioae of the 
■pectrnm, the intermediate hues bning absent ; and, moreoTcr, tlio pigments 
cannot be perfectly pure. 

276. The color of bodies depends upon the portion of white 
light which they reflect to the eye. 

Bodiea partly abaorb and partly reflect the light wliich (alia on their surface. 
Tliose whicli reflect all the colore in the proportion in which they exist in (he 
spectrum are white ; those whicli absorb all, reflecting none, are black. If a 
body appears red, it shows that it reflects the red rays and ahsorl'S all the uthere. 
Colors are reflected from bodiea in an almost inflnite number of combinations, 
girlng rise to the varied liues which tbey present. It is obTioua from this that 
bodies have no color of their own. 

* Thii dependi on the phyilologioa] fact that KDsation always loits a licUe longer 
than the impreauon prodnoiDg il If, therefore, a new impmaion takes plooe before 
the preTioui lenaation has oeaaed, the •eniatiaDi are blended. 
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277. Oompfementary colors are any two colors which, when 
compounded, produce white. Thus, of the colors of the spectrum, 
red and greenish yellow are complementary ; also orange and Prussian 
blue, or yellow and indigo Hue, or violet and greenish yellow. 

If any colors be removed from the spectrum (see Fig. 179), the color formed 
bj a compoflition of these, blended with that composed of the remaining colors of 
the spectrum will produce white. From a mixture of red, green, and violet, all 
possible colors may be produced ; hence these tliree colors of the spectrum are 
called the fundamental coU^rs. 

Mixtures of spectral rohn and pigfnent c/tlors do not yield the same result. 
When blue and yellow of the spectrum are mixed, the resulting color is white ; 
but pigment yellow and blue produce green ; because the blue paint absorbs the 
yellow, orange, and red : and the yellow absorbs the blue, indigo, and violet, so 
that only the green is reflected. 

278. Chemical and Heat Rays. — ^The rays of the solar spec- 
trum are of three kinds: ColorifiCy or luminous rays; calorific, or 
heat rays ; and actinic, or chemical rays. 

A thermometer will show that the temperature increases from the violet to 
the red, becoming most intense in the dark space beyond the red. The chemic- 
al action may be observed by noticing its action on tlie chloride of silver, which 
becomes black under the influence of light. This effect will be found to be least 
at the red, and greatest at the violet, extending into the dark space beyond. 
Tlins it will be seen that, besides the visible rays, there are invisible heat and 
chemical rays. The latter are called actinic rays. Artificial lights contain the 
three kinds of rays in different proportions. * 

The growth of plants illustrates the chemical action of light ; since it is un- 
der the influence of the sun^s rays that the carbonic acid in the atmosphere is 
decomposed, and the plant assimilates the carbon, while the oxygen is set free. 

279. Fraunhofer's Lines. — ^When the solar spectrum is carefully 
observed, it is found to be crossed by a great number of very deli- 
cate dark lines at unequal intervals. 

These lines attracted the attention of Dr. WoUaston in 1802, but they were 
first minutely described and map|)ed by Fraunhofer, an optician of Munich, 
after whom they were named. They were designated by him as shown in 
Plate I.,. Fig. 11. A and B are seen in the red, C at the boundary of the red 
and orange, D in the yellow, E in the green, F in the blue, G in the indigo, and 



* **In the case of the electric light, the energy of the non-luminoas, calorific rays 
emitted by the carbon points is about eight times that of all the other rays taken to- 
gether. The dark calorific rays of the sun also, probably, exceed many times in power 
the luminous solar rays. It is possible to sift the solar or the electric beam so as to 
intercept the luminons rays, while the non-lominons rays are allowed free transmis- 
nan,^*~-'TffHdall 
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H in the violet. Other lines, as a and &, are also seen. Frannhofer counted over 
600 of these lines ; Brewster, 2,000. Ihe existence of at least 3,000 has been as- 
certained. 

In the solar spectrum, the positions of these lines are always the same ; hence, 
Frannhofer called them the Fued Lines. In the spectra of the stars and of arti- 
ficial lights, the lines have different positions. In the spectrum of the electric 
light, there are brilliant instead of dark lines ; as there are also in the spectra of 
flames in which chemical substances are burning. 

280. There are three kinds of spectrn : the continuous spectrum, 
produced by the light of incandescent solids and liquids (as iron 
white-hot) ; the line spectrum, consisting of a number of bright lines, 
produced by ignited gases and vapors ; and the absorption spectrum, 
like that of the sun and stars. The latter is always seen when the 
light of an incandescent solid or liquid is made to pass through that 
of a burning gas. 

In Plate I., the continuous spectrum is seen in Fig. 1. The spectrum of 
burning sodium (Fig. 2) has a bright yellow band in exactly the same place as 
Fraunhofer's dark line, D ; while the other colors are wanting. Tlie spectrum of 
lithium (Fig. 3) is marked by a line in the red and one in the orange ; that of 
hydrogen (Fig. 7), by a red, a green, and a blue line. Some are much more com- 
plicated. 

281. The dark fines are caused by an absorption of the light 
of an incandescent solid or liquid by the refracted rays of a burning 
gas. Tlius the continuous spectrum becomes an absorption spec- 
trum when the light which produces the former passes through the 
vaporous light which would produce a spectrum of bright lines; 
and in the absorption spectrum, the dark lines occupy precisely the 
same position as the bright lines in the line spectrum. 

For example, when the brilliant light emitted by incandescent lime is made 
to pass through a flame colored by sodium, the spectrum presented shows a dark 
line in place of the bright yellow line of the sodium 6i)ectrum, the sodium light 
absorbing the rays of the same refrangibility as those which it emits, and allow- 
ing the others to p<ass unchanged. In fact it stops those rays, leaving those 
lines to bo illuminated only by the comparatively feeble light of the sodium 
flame, so that they appear dark by contrast with the other parts of the spectrum. 

The dark lines in the solar spectrum are attributed to the vapors of substances 
in the gaseous envelope of the sun which absorb some of the rays emitted by the 
incandescent or liquid mass within. Tlie dark lines in the solar spectrum corre- 
spond to the bright lines of the spectra of well-known substances, as sodium, 
iron, etc., showing that such substances exist in the sun's atmosphere. 

Tlie spectra of the stars present considerable variety. They have been dis- 
tinguished (by the Italian astronomer Secchi) into four types, or classes: 
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(1) Those of the white wttn, snch aa Sirlns and Ttga (a Ljne) (Plato L, Fig. 
13), which oonUin & nnnit>er of verj fiou linei, and alwajs foar dark lines 
ooinoiding with the bright lines of hydrogen— oat of MS itan, IM were fonnd 
to belong to this class; &) those which are craned hy nnmeroiis flue lines 
like those of the solar BpectTum, ot which those of CapelU and PoUns are 
examples ; (3) those of red and orange Etars, as those of Alpha in Orion {« 
Ononis), Beta in Pegiaiis ('> Pegasi\ etc. (see Plate I., Figs. 12, 1^ and 14); 
and (4) those of small red Main having spectra containing three bright lones 
Increa^ng in intensity toward the violet. Thus it would seem that the physical 
constitution of the stars, while resembling that of the ann, differs from it in the 
elementary snbstanoes wtiich they contain. * 

282. The apeotroaoope is no inatrument used for the examina- 
tion of the Bpectm of difiereut kinds of light 

It is composed of three telescopes, A, B, and C (Fig. IH-'i), muiinteU on a 



n foot, and pointing toward a prism, F, of flint-glass, of which A is ad- 
justable hath vertically and horizontally. The light from O posses tlirongh the 
telescope B, and enters as a beam of parallel rays the prism P, by wliich it 1h 

* "The atmosphere of the star Aldofaaran cootfuns hjdroEen, Kidiani, laagneBiam, 
caldnm, iron, bismuth, teUuriom, antimony, and mercary. Tbe atmosphere of the 
Star Alpha in Orion cxmtainsiiodinm, masneninm, caloiam, iron, and biimnth. Kostar 
aulGoiently bri^itto gire a spectnim has been ohserred to he without lines." — Tyndall. 
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decompofied, fonnlng a spectrum that is magnified by means of the telescope A. 
is used for measuring the lines. A scale of equal parts is placed at the end 
next the light F, and a magnified image of tliis scale is seen by the observer 
looking through A. This serves as a standard of reference by which to measure 
the positions and intervals of the spectral lines. 

The direct rtMon »peetro»cope is represented in Fig. 186. A series of two flint- 
glass and three crown-glass prisms are placed iu a tube which slides in a second 




Fig. 188. 

ouei at the cud of which is an aperture, Oy and inside it a slit which can be regu- 
lated by turning a ring, r. Tlie light passes through this slit, and is converted 
into parallel rays by the lens a a \ they then traverse the train of prisms, and the 
spectrum is seen at e. 

283. Spectrum Analysis. — The presence of the vapor of any 
metallic substance in a flame being always indicated by the spectrum 
made by its light, a method of chemical analysis is thus supplied of 
great delicacy and practical value. This is called spectrum analysis. 

Physicists having accurately ascertained the lines produced by all known 
metals, can discover the existence of new metals by the presence in the spectrum 
of other lines. In this way rubidium and caesium were discovered by Bunsen 
and Kirohhoff, and thalium by the English physicist William Crookes. The 
spectrum of the latter is characterized by a single green band. A very small 
quantity of the substance is sufficient to indicate its preseucu in the spectrum. 
The metal sodium (base of common salt) is particularly sensitive in this resp(^ct. 
The one two-hundred-millionth of a grain of it will cause the appearance of its 
yellow line. This yellow line, by a combination of prisms causing a greater dis- 
persion, may be resolved into two or three lines. 

The spectroscoi>o has an im{>ortant application iu physiology and the diag- 
nosis of disease ; as iu examining the blood and other 11 aids of the system for 
the detection of abnormal substances. The absorption lines presented by wine, 
beer, etc., afford a delicate test of their genuineness. 

284. Calorescence. — By excluding all the rays of the spectrum 
of solar or electric light except the invisible heat rays, and interpos- 
ing incombustible substances, the latter may be made incandescent, 
thus changing the non-luminous into luminous rays. This phenome- 
non is called calore.i^cence. 

285. Fluorescence. — In a similar manner the invisible rays be- 
yond the violet may be made visible by allowing them to fall on 



LionT. 163 

certain substaDc«B, for example, on the sulphate of quinine. This ia 
called .flworesoenoe. 

In cfttoresoence the refmigibilitj of the nje ia Increased bj contact with * 
body, the atoms of which are thrown Into a more rapid vibration than the ether 
waves which fall on it ; but in fluorescence the refrangibility uf the cliemiciil 
rajs in diminishecl, bccaosu the etlior waves give a slower vibration to tlie alums 
of the lluoreBcent body. " Thus," says Prof. Tyndall, "'by exalliiig the rtfran- 
gibility of the ultra-red rays, and by lowering the mfrangibility ot the ultra- 
violet rays, both classes of raya are reudurud capable of exciting vision." * 

286. Chromatid Aberration. — Owing to the unequal refrangi- 
bility of the colored rays, 

ordiuary lenses give images 
with colored edges. This is 
called vhroviaiic aberration. 

A lens may be compared to a 
series of prisms with inflnitely 
small faces united at thHit bases ; 

lience, it decomposes while it re- *^' '^T. 

fracts the rays. There must, therefore, be a focus for every color, the red raya 
(the least refrangible) havhig their focus at R (Fig. 187], while tlie violet (the 
most refrangible), fomi a focus at Y. Thus, if a pencil of rays passing through 
a convex lens fall on a screen nt m f» wltliin the focal distance it will sliow a 
bright spot with a red border; if at « «, a bright spot with a violet border. 

287. Achromatism is a term appUed to the refraction of light 
without dispersiou, and hence without color. 

This can be accomplished by combining prisms which have different refract- 
ing angles, and nro formud by subatances of unequal powers of dis- 
A I persion ; bIho by combining lenses o! different substances. Lenses 

icouKtmcted in Ibis way ore called adiroiaatie lenact (achfomaUe — free 
from color). 
The llrst achromatic lenses were constructed by an English 
philosopher, named Hall, in 1733 ; but Dolland, a London optician, 
rediscovered the principle, and brought it into praclical use by com- 
bining a double-convex lens ot crown-glass, B (Fig. 188), with a 
IS of flint-glass, A. The dinjierslve power of these substances 
being different, they are ho adjusted in the lens that one corrects the other. As 
the refracting power of tliese bodies does not vary in tlie same ratio as the disper- 
sive power, the refraction uf the rays takes place without dispersion. 

* "In Btrlctncns wo cannot apeak ot nya being either vixible or inviaibic; it ia not 
the rays IhemBclvei but tlie objecta they iUamtnate that become viaible. Space, thoogh 
tnveraed by the rayi from all anna and all elars, ia itaelf unseen. Not even the ether 
which filla Bpaco and whoae motioos are the ligbt of the world, ia it«e1f viaible."— 
TyndaO. 
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This Is not true of kll lubatancM. Newton's BxperlntenlB with gliaa uid 
water oouTinced him that it was impoMiblu for refraotion to b« effected without 
diiptinion ; uid this concliuion was accepted for about half a century, till Hall 
reiiewed thu inveBtigatioii, and proved the poadbilitjr of acliramatism. 

The principle maj be brieSy explained in the followiug manner. The dlg- 

penivo power of a prism, and tlierefore of a leiin, 

di'lwiidB upon ilH rufractiiii; aiiglv, bb well ax the 
80liBl»uc« of which it in composed. Therefore, if a 
pri«m of crowu-yiiiss, B C F (Fig. 180), be combiued 
with one of lliiit-glaes, A C F, having a Rmaller r»- 
fracti[ig angle, but in on Inverted position, so that 
hotli li^ether may Blill huvu the form of a prism, it 
is obvious that the diBpersive powen which aru 
equBliii-d \iy the difference in the rufrnctiiig angles, 
will be neutrallied by their contrary pasiliana. Tlie 
prism thus composed will retract tliH rays S I, hut will not disiierse tliem, the 
emergent rays, E O, being white light. The same elTect Is produced by the com- 
bination of tlie double-convex leus of crown-glaHs and llio meniscus of flint-glass. 
As the refracting angles proper for the neutralisation of the red and violet 
rays are not perfectly suited for that of the intermediate rays, the achromatism 
produced in this way is not absolutely complete. 

288. Ralnbow.~Tbe plieiiomenon of the rainbow is caused hj 
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the decotnpoaition of the sun's rays in pas^g through the drops of 
rain, which refract the light like a prism. 

To explain this, let n (Fig. 190) be a drop of water on which a solar ray, S a, 
ImpingcH at n, where it is refwicled pawing Ihrouffh the drop in the line n b. At 
A it is reflected by the inner snrface of the drop, in the direction of & g, emerging 
at g, where it U refracted in the direction of g O. The light that entera the eye 
at has thus undergone one reflection and two refraotiooB. It Is not all the ray 
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S a, since a part ia reflected ontwanl at i:, and a part paHM ontward at b. The 
angle formed bj the incident raj B a and the eme^eut raj g O h called the 
angle ijf dtriaUon. As the colored raje are aneqnally refrangible there mast, 
obvtonalj, be a different angle for each. This for the red ravs is 42° 2', and 
for the violet'W IT', between which the band of colors forming the rainbow la 
prodnced. Of coutbo, ever/ eja iuicb a different bow; and It it were Rufflelentl; 
elevated, the bow would become a circular baud. The bow is fluent when it ia 
formed by the rJBiiig or lliu Kvtlhig sun. 

Besides llio bow described, there is an outer bow called tlio afeoiidary bov, 
formed by another series of raln'drops. Tlie drop p (Fig. ItK)) recuivas the raj 
S' I at i: and, after two reflections, at d and/, it emerges at r, and reaches tlie 
eye at 0, the angle of deviation being S' I O. Tlie minimuni aogle from violet 
raja ia 54' 7' and for red rays 50° 57' ; hence the colore are in the reverse order 
from the inner bow, the violet being on the outeide and the red on the inside. 
As there ia a loes of light for every internal reflection, the gecondarj bow la 
f^nter than the primarj. Tlie former ceases to be visible when the sun is 54° 
above the horlion ; the latter, when It la 43°. There are lunar aa well as aolar 
rainbows, but they are very foinU 

V OPTICAL INSTEUMBNTS. 

289. A mioroseope is on iQstruiaent used to obtain a magnified 
image of a minute object. It is either simple or compound. 

290. The Klmple microscope ia a double-conves lens suitably 
mounted for convenient observation. 

The prlncijile upon which it enlargt'3 the opparent siie of an object lias already 
been explained. (See Art. 208.) 

291. The compound mloroBoope, in its simplest form, consists 
of two convex lenses, one of short focus, called the ottjecl-ylaes or ob- 



jective, because turned toward the object ; and the other of longer 
focus, called the eye-piece, because close to the eye. These two 
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lenees are bo Bdjiuted that the magnifled image fonned b; tha ol^ect- 
ive may be atill brther enlarged by the eye-piece. 

Thli combinrntion is Been in Fig, 191 . The dUUoee between the two lenaea 
H and N U such tlut the poeition of the real image h b is between ^he eje-piec« 
N and It* focus F. Hence an enlarged virtual image, a b', is prodnced ; the 
BVff-piece N acting aa a eimpla microenope to rangnify the image made by M, 
which In larger than the object because the lall«r is placed near the principal 
foriiB of the objective. As the image formed by H is inverted, and N doea not 
change its position, the e^e at E sees the object A B inverted. (Art 2«S.) 

In Fig. 102 is shown a perspective view ot a oompound miEToecope with ita 



usual appiianceB : Fig. 1B3 presents a section of the same. O Is the e;»-pleee 
and nthe objective. The tube I slides In the tube D D', which can be moved in a 
larger tabe Axed in the ring EL The whole body of the Instrument con be r^aed 
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or lowered so as to be brought within any required distance of the object to be ex- 
amined, which is usually placed between two glass plates, V, on a sUiffe, B, per- 
forated so that light may be reflected through it by a concave mirror, M, which is 
mounted so as to be adjusted to any position. K is a diaphragm, movable by the 
lever n to regulate the light ; and m is a perforated piece to limit the light still 
further, or for the attachment of a lens to illuminate the object, or a prism, as 
shown at X. 

The position and action of the lenses are illustrated in Fig. 103. The object- 
glass at consists ol three small convex lenses (represented on an enlai^ed scale 
at L), the combined effect of which is the same as that of a very powerful lens ; 
while spherical aberration is avoided (Art. 270). A little beyond the principal 
focus of this is placed the object, f . If the eye-piece were a single lens, there would 
be chromatic aberration, to avoid which, two lenses, N and O, are used. Tlie en- 
larged image a a' is seen at A A' still further enlarged. Byfoetmng, the image 
a a is formed not only between the lens O and its principle focus, but at such a 
distance from the lens that the image A A' may be formed at the observer's dis- 
tance of distinct vision. 

The magnifying power of a compound microscope is the product of the mag^ 
nifying powers of the object-glass and eye-piece ; thus, if the one magnifies 20 
times and the other 10, the total magnifying power is 200. For definite and well- 
illuminated images a power of 500 or 600 diameters is as great as can be used ; 
though a power of 1,500 diameters has been obtained. A power of 500 diameters 
gives a surface enlargement of 250,000 (500)- times ; of 1,500 diameters, a surface 
enlargement of two and a quarter million times. By an exact measurement of the 
image, we can ascertain the absolute size of the object, when we know the mag- 
nifying power of the micro6cox>e. 

292. A telescope is an instrument used to obtain a magnified 
image of a distant object. Telescopes are either celestial or terres- 
trial, the former being used for observing the heavenly bodies, the 
latter for viewing terrestrial object&* 

293. The astronomioai telescope is of the simplest construe* 
tion, consisting of a convex lens, called the object-glass, to produce 
an image of the distant object (Art. 268), and another convex lens^ 
called the eye-piece, which acts as a simple microscope to enlarge the 
image. (Art. 290.) 

294. Instead of using a convex lens as an object-glass to produce 



*The invention of the telescope is attributed by Bome to Roger Bacon, who lived in 
the thirteenth century ; by others to Baptirta Porta, at the end of the sixteenth ; while 
still others give the credit to Jacques Metius, a Hollander, who, in 1009, happened to 
find that by combining two lenses', one convex and the other concave, distant objects ap- 
peared larger and nearer. Galileo was the first to examine the heavenly bodies with a 
telescope, and by its means discovered the spots on the sun, the mountains in the 
moon, and the satellites of Jnpitor. 



nil image, a concave mirror may be employed. (Art. 260.) Hence 
astmnomical telsEicopeB are of two kinds, those in which only lenses 
are used, called refracting lelescopea, and those in which a concave 
mirror is employed, called reflecting Ideaccpes. 



ng. IM. 

The UMtigement of the lenses in ui utronomical teleioope is thowu In Fig. 
104. TIiB object-gli8s H forms an inverted Image, b ii, of the distant object A B 
between the eye-piece N and Its principal focus ; nnd the eve-piece produces a 
virtual Image, n' />', mucli enlarged. Tlie difference between ■ microscope and a 
telescope consists In the position of the object In regard to the object-glass. In 
the microscope, the object being near the lens, the image la at distance, and en- 
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larged so that both lenses magnify the image; in the telescope, the object is at 
a great dlsbmce from the object-glasa, and hence the image Is near the principal 
focus of the leuaj and smaller than the object ; so that the image is magnlfled 
only by the eye-piece, which, therefore, is of short focal length. (Art 268.) 
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An astronomical telescope, mounted on a simple stand is shown in Fig. 196. 
The small telescoiM a attached to it is called ihejinderj because being of smaller 
magnifying power, it has a larger field of view than the large telescope, and is so 
adjusted that any object that appears in the center of its field, will be seen in 
the field of yiew of the larger instrument 

The magnifying power of a tele8coi>e is very nearly equal to the ratio of the 
focal length of the object-glass to the eye-piece ; that is, if the focus of one 
were 10 feet, and the other i inch, the magnifying power would be about 480 
(10 X 12 -h i). With suflicient light, the power may be much greater than thlsL 

The object-glass should be of large diameter, so as to collect as much light 
as possible for the illumination of the image. The value of an astronomical tele- 
scox>e depends both on its light-collecting and magnifying capacity. The object- 
glass of the telescope used in the Washington Observatory has a diameter of 26 
inches, and collects about 7,000 times as much light as the naked eye. Such a 
glass is, of course, of long focal distance ; and hence requires a long tube, and 
very numerous and complicated appliances for its proper management. 




Fig. 196L 

295. The reflecting or catoptric telescope has Tarious forms, 

the principal of which are those devised by Gregory, Newton, 

and Herschel. 

The Gregorian tdeseope consists of a long brass tube closed at one end by a 
concave metallic mirror, M (Fig. 196), having in the center an aperture through 
which the rays reach the eye. A small concave mirror, N, near the end of the 
tube, of small radius of curvature, which reflects the inverted image b a, formed 




Fig. 107. 



by M, and magnifies it at a^ h\ where it is farther magnified by a convex lens, 
P, and seen as a" b" in an erect position. The curvatures of the mirrors and 
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tbelr dlatuiceB from each other are bo adjusted that the Image bait hetireen th« 
center, o, and the focus,/, of the small mirror, bo aa to produce the magnified 
Image oT b' (Ait 250). 

Id the JfewUmiaii tdeteopt, the observer, instead of looking througli an aper- 
ture in the large mirror, H (Fig. 197), views the image a b through an eye-piece 
placed in the aide of the telescope, this Image being reflected to it by a imsll 
plane mirror, or a rectangular priam, m, which producea by total reflection (Art. 
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2fl0) a small image, n' h, which is magnified by the eyo-piece. The mounted 
instrumeut is seen in Fig. 106, the eye-piece being at a, the open eDd at O, and 
the mirror at the other end. 

Hersohel'a telescope, a section of which ia sliown in Fig. 109, was constmoted 
somewhat differently ; the mirror M was inclined bo that the image was formed 
at a b on the side near the eye-piece o ; the rays undergoing only one r»- 
fleoUon. This justniment, constructed in 1789, was 40 feet in length. It was, 
however, greatly exceeded by Lord Rosse's telescope, which has a focal length 
of B3 feet, and a mirror six feet in diameter, collecting 130,000 limes as much 
light as the naked eye. In these instruments, the metal apecnium, or mirror, 
t? not circular, but parabolic, so as to avoid spherical aberration ; and, of course, 
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(here l« no ehromattc abnTation. Silrered glua inirrora h»e teoentl; Uken th« 
placo of msUllio miirorei tbej have the advantAge ot weighing len, of gtving 
purer Images, and ot a Hhortar focal divtuioe. Besides, allvet has b«t(er refleotiug 
power thui Epeeulnni metal. 




Fltf. 189; 

296. Th« terrestrial telesaope is one that produces an eiect 
image of the object viewed. 

Among reflecting telescopes the Gregorian, which gtres no erect Image, may 
be need for terrestrial uhservation ; but usually a modification of the refracting 
telescope Is employed. This is effected by means of two oonvnx lenset^ P and 



Fig. JOO. 
Q (Fig. 300), placed between the object-glass M and the eye-piece R. The first 
of these is BO placed that the inverted Image A a is at its principal focus ; thenca 
the rays paesiog through P fall upon Q as parallel rays, and produce a re-inverted 
inu^e, a b, in its principal focna (ArL 267), which is viewed through the eye-pieoe 
B, and produces the erect virtual image a' b'. 

The lenses P and Q placed t'other in a brass tube constitute an eivetiitg 



In OalSec't Mtteope this is accomplished in a much simpler manner, as ihown 
in Fig. 801. Jt consists of a double-convex lens, M, used as the object-glass, and 
a double-concave lens, B, as an eye-piece, which gives, without any other appU- 
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uiee, tn «T«ot image. For, let the object be «anceived kt ft dMaooe bi tbe dlMO- 
tiOD of A B, to that > real bnt inverted and anulltir image, b a, wonU be lormBd 
bj H near ita fooiu (Art. 288) ; but the n,jB from A B pualng througb the con- 
cave lena E, are refracted and form an enlarged and reinvert^d image, a' V. 
The e;e-plece can be moved to and from the object-glaaa so aa to form tbe Inugs 
a' b' at the distutoe of distinct viHion. Aa the distance of B from the image a b 
is nearlj equal to the principal focal distance of this lens, tbe distance between 
the lenses must be the distance between their respective focal distances. Hence 
tbis form of teleecope Is short and port«ble. It is employed in the opersi^Uss, 
which is mads double to increase the brlgbtnew, bj producing an image in esah 
e;e. Both object-glass uid eje^iece should be aobromatio lenses. 



297. Camera Obsoura. — Tbe camera obscura (daric chamber) is 
a dosed space into which the light ia admitted through a double- 
conyez lens fixed in an aperture, and falls upon a white screen 
placed in the focna of the lens, producing small and iuTerted imageB 
of external objects. 

One form of tbis apparatus is shown In Fig. SOS, which consists of a rectan- 
gnlar wooden box formed of two parts that slide in and out for tbe purpose of 
focusing. The ra^s B pass into the box through a lens, B, and would form an 
image on tbe opposite side 0, at the focal disl&nce of the lens ; but the^ are 
intercepted by a plane mirror, H, inclined at an angle of 4S°, which reflects them 
upon a ground-glass plate, N, from which thn picture can be taken on a piece of 
transparent tracing-paper. Tbe door A is used to cnt off extraneous ligbL 

Tbe photographic camera, repreeenled In Fig. SOS, is constructed on this 



The brm tub« A cout^ns an aohrom«He oonvez lens, adjiuUble bj 
0. At the opposite Bide ie a gronnd-glaes plate, E, irhioh slidvs iu a 



pw>Te. When the instrument liae been so adjuxted m to produce the required 
image on this plate, it ia removed and replaced bj a sensitiTe plate, vhich re- 
ceives, b; action of the light, a picture, to be developed by chemical treatment. 

298. The maglo lantern is an apparatus by means of which 
magnified images of objects may be shown in a dark room on a 
wbit« screen. 

It consists of a tin box in irhich there is a lamp placed in the focus of a con- 
cave mirror, A (Figa. 201 and 305). The reflected rays fall on a convex lens, B, 



Of 
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knd TBTj mooh mignifled ima^ of the figure on the gluB, which Is received on 
the screen. 

The Mlor mkratcope ia a m^o Uutero in which the light of the Ban is need 
instead of a lamp. B/ metus of it, in ft dark room, highl)r magnified images of 
small objeotB can be thrown upon a screen ; and many curious phenomena, such 
aa the circulation of the blood in small ■nirnala, the cr/stftlliiatioii of salts, etc, 
can I>e exhibited le a large aeeemblage of persons. 

299. The Human Eye. — The eye is the organ of Tiaioit. It re- 
sembles, in its genenil structure, the camera obscura, the pupil being 
the aperture into the dark 
space, and the retina, a net- 
work of delicate nerres, being 
the Boreen upon which the 
pictures of external objects 
are formed. 

This is showu in Fig. 30G, En 
which II is a transparent mem- 
brane In front, called the eomen, 
resembling a small wBtc1i.glasg ; 
fr is a space, called the anterior 
eiainifr ; e Is the jiMUrior eham- 
g\g, ggg brr, these two chambers being 

filled with a transparent liquid 
oftlled the aqaanit humor j d is a circular muscle called the iri$, in which 
tliere is an aperture called the pitpU. The iris is Inroluntarily contracted and 
expanded, so as to make the pupil Ini^er ur smaller, and thus regulate the 
amount of light admitted into the eye ; / is a double-convex transparent body 
called the erytlaUine letu, placed immediately behind the iris ; it is less convex 
in front than behind ; A is a transparent mass of liquid, called the vilremu Au- 




mt>r, filling the inner space, and m is the retiiin, oouaUting of branches of the 
oplie ncrcr, n. The clu/Tvid, fc, is a membrane lining the iuner surface, covered 
with a black substance, so as le absorb the rays ; and ■' is a bard coating, called 
the tderoticii, which forms the outside wall of the optic chamber. The rays from 
A (Fig. 207) on passing into the aqueous humor (a monisouB) are, by refraction. 
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brought nesr the secondary axis A a» passing through the optio center of the crys- 
talline lens ; they are again refracted by the latter lens, and finally by the vitreous 
humor (a meniacns), and brought to a point on the retina at a ; in like manner 
the rays from B come to a point at c ; so that a small and inverted image of the 
object is formed between a and b. Though the sensuous image is inTerted, the 
mind is so constituted as to perceive everything in its erect position. 

The viwal aiigle is that under which an object is seen. Its size depends on 
the distance of the object Thus the angle A O B, under which A B (Fig. 208) 
is seen, is much smaller than A' O B, under which the same object is seen at a 
greater distance. The apparent size of an object depends on the visual angle 
under which it is seen. 




Fig. 106. 

Short sight {mpopy) is caused by a too^preat convexity of the cornea, which 
causes the rays to converge to a point in front of the retina ; long sight, on the 
contrary, arises from an insufficient convexity of the cornea, so that the rays con- 
verge behind the retina. The one may be corrected by the use of eye-glasses 
with concave lenses *, the other by double-convex lenses. Instead of these, as 
proposed by WoUaston, concavo-convex lenses (G and F, Fig. 167) may be used, 
so placed that their curvature is in the same direction as that of the eye. These 
are csMed periscopic gUisaes, as they give a much wider range. 

The eye involuntarily adapts itself to the varying strength of the light by the 
muscular expansion and contraction of the iris, making the pupil larger or 
smaller, so as to admit a greater or less quantity of Yays. The eyes of some ani- 
mals have tills power of adaptation to a remarkable extent. Thus the owl can, 
by the enlargement of the pupil of its eye, see in almost total darkness, as also 
the cat: but the former is dazzled by daylight, because the construction of its 
eye renders it excessively sensitive to the light. 

300. The Stereoscope. — ^In ordinary binocular vision, objects 
appear in relief. The same effect is produced by looking at a double 
representation of an object in a stereoscope. 

Two perspective drawings are made of an object from such points of view as 
might be occupied by the two eyes in looking at it ; and these drawings are placed 
in a box with two compartments, so arranged that each eye may look at its ap- 
propriate picture through a half lens, serving to magnify the virtual image and 
to displace it in such a way as to bring the two into coincidence. Photographs 
taken by a double camera, with two objectives, one beside the other like two 
eyes, serve as stereoscopic pictures. 

The same principle applied to the magic lantern produces the stereopticon, 
which exhibits relief views of objects on a screen. 
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VL— HISCEIiLAKEOUS PHENOMENA. 

301. Irradiation is a phenomenon in 'which white or veiy bright 
objects seen on a dark ground appear larger than thej ara 

For thia reason a white square upon a black ground seems larger than an 
equal black square on a white ground. This effect is produced hy tlie impression 
on the retina extending beyond the outline of the image. It is very perceptible 
in the apparent magnitude of the stars. 

302. Doubie refraction is the- separation of a ray of light into 
two rajs, which takes place when it passes through certain crystalline 
substances, such as Iceland spar. 

The phenomenon as shown in Iceland spar was first announced in 1669 by 
Bartholin, but the law of double refraction was first enunciated bj Huyghens in 
1690. It does not occur in substances that crystallize in cubes, or in substances, 
like glass, that are destitute of crystallization. Theyj however, acquire this prop- 
erty when they are unequally compressed, or when they are cooled quickly after 
being heated. Hence ftiuinn^^Ued gUiiss possesses it ; but it exists in the highest 
degree in Iceland spar, or carbonate of calcium. When an object is viewed 
through this substance, it api)ears double. Of the two rays, one is called the 
orditiary nty and the other the extraordimiry ray. 

It is accounted for on the hypothesis that, in double-refracting bodies, the 
ether is not equally elastic in all directions ; so that the vibrations in certain dl- 
rectioua at right angles to each other are transmitted with unequal velocities, 
those directions depending on the character of the crystals. The extraordinary 
ray does not conform to the ordinary laws of refraction as to the sines of the 
angles, nor is the refraction in the same plane as the incident ray. 

303. Interference of ilght is a phenomenon due to the action of 
one ether wave upon another, by which their effects are neutralized, 
the depressions of one being counteracted by the elevations of the 
other, so as to produce darkness instead of light This is -analogous 
to interference of sound. 

The effect of interference may be shown by the following experiment : Let 
a beam of red light pass into a dark room through a convex lens, L (Fig. 209), so 
as to be brought to a focus, F, making a point of light ; and from this let diver- 
gent rays fall on two plane mirrors, A B and B C, arranged so as to be almost in 
the same plane. Tlien the incident rays falling upon A B will be reflected in the 
direction F' A H, and those upon B C, in the direction F'^GI. Thus each of the 
points H, I, and K on the screen S S' is illuminated by two sets of rays, coming 
from the direction F* and F^. Now, if the waves of these two rays coincided, 
the light would be uniform ; but it is found that a series of parallel bands are 
formed alternately light and dark, showing the action of interference ; for when 
either of the mirrors is removed the dark bands disappear. When the violet in- 



LIGHT. 



177 



stead ol red rays are used, the distance between the dark lines is increased ; and 
when white light is admitted colored bands are formed. 



;*^ 
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804. DIfnraotion is a phenomenon caused by an apparent bend- 
ing of the rays of light when they pass a Tery sharp edge of an in- 
tervening object^ so that they penetrate into the shadow of the ob- 
ject, and canse a iaint illumination of it. 

This is illostrated in Fig. 210. A beam of solar light is admitted through red 
glass into the aperture of a shutter, passing through the lens L, and is partly 
intercepted by the opaque screen e haying a sharp edge, a, a part falling on the 
screen 5, a front view of which is represented at B. It is then seen that, below the 




Fig. 210. 

line a 5, which is the geometric boundary of the shadow, there is a faint light 
which shades off into the dark surface of the screen, and above the line a series 
of dark and light bands or fringes parallel to the line, gradually becoming more 
indistinct. All the colors of the spectrum are found to produce the same appear- 
ance, except that the bands are wider in inverse proportion to the refrangibllity 
of the rays, the red therefore being the widest and the violet the narrowest. 
With white, these bands present all the colors of the rainbow. 

When the light from the luminous point is made to pass through a narrow slit 
13 
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In M opaqiw KTe«a k phenomeaon ii prewntod m Bhom In Flf. 311, (he light 

being reeeiTed on ft white mtmo. ThU oan be rteired Uiroi^li » smalt taleaoope 

from behind the qterture. These 

I bands of light and shade, or of 
dlff«Tent colon, are called diffrae- 
Hon ipeetra, and are foil; ex- 
plained bj the undnUtorj theorj 
of light on the principle of inter- 
ference. B; changing the form 
of the aperture, or nuking tlie 
"•■ *"■ light piHB throDgh gratiogi of rery 

flne lines mied on glial, man; beantifnl eSeots may be obtained. 

The diffraction banda afford a means of oalonlsting the length of the ether- 
waTei of color, from which it has been estimated that the wave-length for red is 
.000024 of an inch ; and for bine, .000016 of an inch. From tills and the vetoo- 
Hj of light, the number of undulations in a second can be readil/ dednced. (Art. 
271.) 

806. Colors of Thin Plates. — Subataocea in thin transparent 
plates show by reflection bright and variegated tints. This is seen 
in the rainbow colors of large soap-babbles, in a thin film of oil 
spread over a sheet of water, and in the flashing colors of a peacock's 
feathers and certain insects' wings. These are called the colors of 
thin plates. 

306. Newton's rings constitute a phenomenon of a similar char- 
acter, and dae to the same cause — the interference of light. 

In inrestigatlng the appearance of colored rings in soap-bubbles, Newton used 
a conTCK glass of targe curvature placed in contact with a plane glass mrface, aa 
shown in Fig. 212. Tliese surfaces being plac4^ In front of a window so as tore- 
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fleet the light, show at the point of contact a black spot surronnded b; six or seven 
colored rings, the tints shading off in strength. With red light these rings are 
snccessivel^r black and red -. and the diameters diminish as the refrangibilit; of 
the color increases ; while with white light thejr present the various colon of the 
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The phenomenon is dne to the interference of reflected taj^ and may be thus 
explained : Let M N O P (Fig. 213) represent a thin transparent plate, on which 
a pencil of rays, a b, falls. This will in part be reflected toward b c, and part re- 
fracted in b d. The refracted raj will be reflected from the surface O P in (2 ^, 
this reflected ray emerging in «/ parallel iob e. Thus there are two sets of waves 
very close together, and it is obvious that they will either 
intensify the effect or extinguish each other by inter- 
ference. 

807. Polarization of Light. — ^A beam of 
lights by doable refraction, or oblique reflection, 
at a certain angle, seems to acquire the property 
of haying two sides, like a thin flat substance ; 
this is called polarization. 

Huyghens first observed the phenomenon in Iceland 
spar, by noticing that, when a ray which has been re- 
fracted by a crystal of that substance passes through a second crystal, at one 
position of the latter the* ordinary ray disappears, and %t another the extraordi- 
nary ray. This was accounted for by Newton, according to the emission theory, 
on the supposition that the particles of ether had different poles, which arranged 
themselves variously in dififerent positions. The term polarization was not, how- 
ever, permanently given to the phenomenon until it was seen in reflection by 
Mains in 1808. * This phenomenon is best investigated by means of the double- 
refracting properties of crystals of the mineral called tourmaline. 

Take two thin plates of a tourmaline crystal cut parallel to the axis, and it will 
be found that a beam of light which passes through one will pass through the 
other also, provided they are held in similar positions, that is, if the axes of the 
two plates are parallel. But if they are perpendicular, the light that passes 
through one is stopped by the other ; while if they are oblique, only a part of it 
is transmitted. From this it follows that if between two plates of tourmaline 
perpendicular to each other, a third plate be introduced obliquely, light will pass 

tion.** But, as Tyndall eayt, ^* the rings are referred by the midolatory theory to the 
interference of rays which have paaaed directly through Uie film with others which have 
undergone two refleotioiiB within the film. They are thus completely aocoonted for." 

* ** It was while gaziog one evening in 1808, through such a prism of Iceland spar as 
we have just described, at the windows of the Luxembourg Palace, in Paris, that M. 
Mains, at that time engaged in studying the law of extraordinary refraction in this 
body, happened to notice that the reflection of the sun on a window of the palace disap- 
peared from one of its images, in a certain position of the prism, and from the other 
when held at right angles to that position ; while in the intermediate situations, the 
glare was viaible in both images, unequally divided, however, between them, except 
when held in a sitnation exactly intermediate, or at 45^ from its first position — ^in a 
word, that the light reflected from the window had acquired precisely the peculiarity 
which would have been impressed on it by previous transmission through a similar 
prism. To this peculiarity he gave the name polarization^ and light so aflfeoted has 
ever since been said to be polarised."— 'S^^'' John Hertchel, 
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through the three, since a part will jmum from the first through the second, and a 
part again from the second through the third. 

The undnlatorj theory explains this bj conceiying that the ether vibrations 
constituting a raj of light are in different directions, tramvendy to the line of 
propagation (unlilce those of sound, which are lengthwise) ; and that, in passing 
tlirongh substances of a certain structure, the raj is changed so that the vibra- 
tions take place onlj in one transverse plane, corresponding to the structure 
of the substance ; therefore, when the raj has been thus changed, it can entirely 
pass through the substance only in the one waj, and when its position is reversed 
the raj is stopped, just as a thin board can onlj be passed in one position through 
a grating ; and, if passed through one grating would be stopped bj another held 
in the reverse position. 




M 
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808. A polarlsoope is an inBtrument used to obseire polarized 
light It conaiBtB of two parts, one for polarizing the lights called 
the polarizer ; and the other for seeing it, called the analyzer. 

This is shown in the tourmaUne pincette (Fig. 214), which consists of two 
tourmaline plates cut paralleUto the axis, each fitted in a copper disc, M, black- 
ened and perforated in the center. These two discs are mounted in two rings of 
silvered copper, bent and coiled in such a manner as to form a spring, as shown 
in the figure ; and are fitted so as to turn with the disc, in order that thej maj be 

arranged with their axes parallel or perpendicu- 
lar to each other. The substance to be examined 
is placed between the discs, of which the one 
nearest the eje acts as the analjzer and the 
other the polarizer. 

809. Polarization by refleotion takes 
place when the rajs of light are reflected 
obliquely from polished surfaces, such as 
glass and water. The effect is greatest 
at a certain angle of incidence, which 
varies for each particular substance, that 
for glass being 64'' 85'. This is called 
the polarizing angle. 

Let a raj of light, a b (Fig. 215), fall on a 
polished unsilvered glass surface,/^ At, so that the angle of incidence maj be 
54° 35' ; the reflected raj, h e, will then be polarized *, and if it be received on 
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ft dmllar glass sarface at e, at the lame angle, tt will be found that *a long u the 

nufacea are parallel, the ray will be reflected, but It the second be turned iroiiiid 

the flnt, the reflected ray will grow leas and 

less dlBtinct, uutil, when the anifacei are at 

right angles with each other, it will wholly 

disappear. 

Or It oan be McertAlned that the reflected 
ray has undergone the change called polsriia- 
tlon by letting It pass through a crystal of Ice- 
land epar ; for It will be found that ouly the 
ordinary ra; it transmitted when the principal 
plane of the crystal la parallel to the plane of 
reflection ; and the extraordinary when these pj^^, i]& 

planes are at right angles to each other. 

The polariiing angle for water U 52° 45' ; (or quarti, 57° 32' ; for the dia- 
mond, 6H°. Light refleofvd from the sorfaoe of water, tiom polished fnmlture, 
and all other except metallic surfaces, 
is more or less polarized ; as are also 
the solar rays when they fall obliquely 
on the atmosphere in the morning or 
afternoon. 

310, The polarizing angle of 
a substance is always that angle 
of incidence at which the polar* 
ized reflected ray is at right 
angles to the refracted ray. 

This law was dlscoTCred by Brew* 
eter. It maybeiUustratedasfallows; 
Let * i'(Fig. 316) represent the inci- 
dent ray, «' r the refracted ray, and 
if the reflected ray ; then the effect 
of polarization is greatest when the 
angle/»r is a right angle. 

In Norremberg's apparatus (Fig, 
SIT), the polarizatiOD of light Is beau- 
tifully illustrated. A ray of solar 
light received on the glass surface at 
n At the polarizing angle, is reflected 
to a mirror at p, and again reflected 
npward to r on a blackened glass 
surface, m. Inclined at the polarising 
^^' *"■ angle. This surface, m, can be re- 

Tolved on the circular disc o ; and when its position is, as represented tn the fig- 
ure, snch that the plane of incidence on the upper mirror is perpendicular to the 
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pUme of incidence- < np, there is no reflection from m ; bnt as m is revolved, the 
reflected light increases, and reaches its maximum when the mirror m is parallel 
to the mirror n. If the mirror m is at a greater or less angle than that of polari- 
sation, more or less of the light is reflected daring an entire revolution. 

311. Colored rings are produced by polarized light, similar to 
Newton's rings, when the rajs traverse two thin plates of a double- 
refracting substance. 

These, as exhibited by a polariscope, are represented in Plate II. Fig. L 
shows the result when the rays traverse two thin plates of Iceland spar, having 
their axes perpendicular. When they are parallel, the black cross becomes 
white, as shown in Fig. II., and the colors are complementary to the former 
ones. The effects with other substances, and in other positions of the tourmalines 
constituting the polarizer and analyzer, are shown in Figs, m., IV., Y., and VI. 

The observation of crystalline substances by means of polarized light has be- 
come a very delicate test of their composition and character. The aaoSharimBUr 
is a polarizing instrument for the examination of the crystals of sugar. 

The rays of heat, like those of light, may also become polarized by reflection 
and refraction. 
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BTKOPSIS FOB BBVIEW. 

f I. — Origin, Transmission, and Intbnsitt of Light. 

■I nfk^^u^'^ . i 1- Emission, or corpuscular. 

1. TTiwfa. J3 undulatory. 

" 1. Lmninous and transparent. 

2. Ray and pencil. 

2. DefinitioTu: ' 3. Divergent and convergent. 

4. Medium. 

^ 5. Shadow. 

4. Intendty of Ligkt, — Photometer. 

IL — Bbflbction of Light, or Catoftrigb. 

1. Law cf Btftection, 

" 1. Virtual image. 



p 
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2. Mirron : < 



1. Plane : • 



1. Concave : ^ 






2. Multiple images. 

3. Kaleidoscope. 

4. Regular and irregular reflection. 

5. Intensity of reflected light. 

6. Heliograph. 
2. Curved : 1. Spherical. 

' 1. Focus of parallel ray& 

2. Of divergent rajs. 

3. Conjugate foci. 

4. Real and virtual image. 
^ 5. Principal and secondary axes. 

1. Focus of parallel rays. 

2. Of divergent rays. 
2. Convex: ^ 8. Virtual image. 

4. Spherical aberration. 

5. Caustics by reflection. 

2. Parabolic. 

3. Cylindrical and conlcaL 



in.— 



I 



Refraction, or Dioptrics. 

1. La/wB of Refraction, — Index of refraction. 

o i>7>^ykM>^/« . i 1' Ordinary. 2. Astronomical refraction. 3. 
^. rfumcmena. ^ r^^^^ refracUon (Critical angle). 4. Mirage. 

3. BtfracUon by iVi!«?i«.—Polypri8m.— Right-angled prism. 

4. Leraa: 1. Different kinds. 2. PrinciiMl axis. 3. Focus. 

1. Focus of parallel rays. 

2. Of divergent rays. 

3. Conjugate foci. 

4. Optical center of lens. 

5. Secondary axis. 

6. Real and virtual image. 

" 1 . Virtual focus of parallel and divergent rays. 

2. Virtual image. 

3. Spherical aberration. 
,4. Caustics by refraction. 



1. Convex: 



2. Concave 
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IV.— CoMFOfiinoN OF Light. 

1. Deeomptmtian of White JUghL — rispersion, or prismatio anil- 
ysis. 

2. Solar Spectrunk^Colon, — Caiue of colors. 

{1. By prism. 
I: By mh^r. 
4. By Newton's disc. 
4. Color qf Bodies. — Cause of. Absorption and reflection. 

6. Chemical and Ueai Raye, 

i 1. IMscovery. 

7. Fraunhcfen^s Lines : 4 2. Position in the spectram. 

(3. Cause. 

( 1. Continuous. 

8. THgereirU kinds of Spectra :<%, Line. 

(8. Absorption. 

9. Spectra of the Stars. 

10. Spedroseope. — Direct vision spectroscope. — Spectrum analysis. 

11. CaloTescevux and Fluorescenoe. 

12. Chromatic Aberration, — Achromatism. — Achromatic lens. 

18. Hainbow: | ^ pj|^y ^nd secondary bow. 
v.— Optical Instbumsnts. 
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o TVr,,,,,^ . j 1. Astronomical : \ t 5®£^^^^.* 2.' Newtonii 
2. Tekscope.-( (2. Refleotmg: - 3 Herschel 

(2. Terrestrial T S™^" 



1. Gregorian. 

2. Newtonian. 

^4. Bo8se*s. 

1. Erecting eye-piece. 

2. Galileo's telescope. — Opera-glass. 
8. Camera Cbsettra. — Photographic camera. 

4. Magic Lantern, 

II. Comeaw 2. Crystalline lens. 8. Aqueous 
humor. 4. Vitreous humor. 6. Retina^ 6. 
Pupil. 7. Iris. 8. Sclerotic and choroid. 9. 
Visual angle. 10. Short and long sight. 
6. Stereoscope. — Stereopticon. 

VL^MlSCELLAirSOUS PHKNOMENA. 

1. Irradiatian, 

2. Double Befmction, Cause. 
8. Interference of Light, 

4. Diffraction. Diffraction Spectra. 
6. Colors i^ Thin Plates. 
6. Newton^s Bings. 

f 1. Phenomenon. 

2. Cause. 

3. Polariscope— Tourmaline Pincette. 

4. Polarization by reflection. 

5. Polarizing angle. 

6. Norremberg's apparatus. 

7. Colored rings. 
^ 8. Analysis by polarization. — Saccharimeter. 



7. Fdarieation : • 
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APPLICATION OP PRINCIPLBS. 

Explain the following phenomena : 1. Why the rays of light leem viaible when 
they enter a dark room through a nnall aperture. 2. Why the light 'nsitantly disappean 
when the gas is tamed off, however large the room may be. 3. Why a person can- 
not see the image of himself in a plane mirror, unless he stand directly in front of 
it 4. Why, when he looks obliquely into a plane mirror, he sees tiie images of objects 
at the other side of the mirror. 5. Why the image of an object in a plane mirror seems 
to be as far behind it as the light is in front of it. 6. Why an object sometimes appears 
double in a looking-glass, but not in a metallic mirror. 7. How the kaleidoscope forms 
so great a variety of figures out of a few objects. 

8. Why it does not grow dark as soon as the sun sets. 9. How miHtaiy signals 
can be sent by the heliograph. 10. When and why the image of an object is inverted 
in a concave mirror. 11. When and why it is erect. 12. When and why it is lai^r 
than the object. 13. Why the image of an object in a convex mirror is smaller than 
the object itoelf. 14. Why it is erect. 15. Why a stick held obliquely in the water 
seems bait or broken. 16. Why it seems straight when plunged perpendicularly into 
the water. 17. Why a river viewed obliquely from the Iwnk seems more shallow than 
it really is. 18. Why, generally, we do not see the heavenly bodies in their true places. 
(Is a body seen in its true place when it is in the senith, or exactly overhead ? Why ?) 
10. Why bodies immersed in water eeem nearer the surface than they really are. 

20. How tiie phenomenon of mirage is caused. 21. Why objects seen through a 
jncism appear surrounded with color. 22. Why refraction separates the differently colored 
rays that form white light. 23. Why the red is at one end of the solar spectrum, and 
violet at the other. 24. Why a prism is used to show this phenomenon. 25. Why ob- 
jects illumined by white light are differently colored. 26. W^y charcoal is black. 27. 
Why some objects are white. 28. Why the clouds at sunrise and sunset appear golden 
or red. 

29. When and why the image formed by a convex lens is magnified. 80. When and 
why it is smaller than the object. 81. Why the image formed by a concave lens iii 
smaller than the object. 32. Why near-sighted persons use eye-glasses with concave 
lenses. 33. Why old persons use eye-glasses with convex lenses. 34. Why substances 
bum in the focus of a double convex lens held in the sun^s rays. 35. How '* burning- 
mirrors ** may be constructed. 

36. Why the solar spectrum is crossed by dark lines. 37. Why the spectra of the 
stars differ from that of the sun. 38. How the rainbow is caused. 39. Why it is 
double. 40. Why the order of the colors in the secondary bow is the reverse of those 
in the primary. 41. Why the light is less distinct in the former than in the latter. 42. 
Why the rainbow cannot be seen at noon. 43. Why it is seen in tlie east in the even- 
ing and in the west in the morning. 44. Why the owl can see in the dark and cannot 
see in the light 45. Why certain colors appear better together than others. 

46. Why a lens of flint and crown glass is achromatia 47. Why the apparent time 
of sunrise and sunset is not the true time. 48. Why objects are distorted when seen 
through glass of an irregular form or thickness. 49. Why the luminous rays of the spec- 
trum aie not used in taking a photograph. 50. Why an object looks double when it is 
seen through a piece of Iceland spar. 61. When and why the rays of light become 
polarised. 52. How the chemical composition of substances may be ascertained by 
means of the polarisoope. 58. What produces the iridescent color seen on the surface 
of 8oap-bubhle8b 



CHAPTER VIII. 
MAGNETISM. 

I.-~PBOPEBTIES OF MAGNETTS. 

312. Magnets are bodies which have the property of aitractixig 

iron. The agency that produces this property and its resulting 

phenomena is called magnetism. 

This peculiar property is found to exist in the highest degree in an ore of 
iron known in chemistry as the magnetic oxide of iron, sometimes called the 
lodestonff* which was first found in Magnesia, in Asia Minor; from which cir> 
cumstance it derived the name magnet. It is verj abundantly found, especially 
in Sweden and Norway, where it furnishes an excellent quality of iron. 

313. An artificial magnet is a bar or needle of steel which, 
having been rubbed with a natural magnet, has acquired magnetic 
properties. This is what is ordinarily meant by a magnet 

314. The poles of a magnet are the two ends, where the attraci- 
lYc force is the strongest When a magnet is freely suspended one 



Fig. 218. 



of its ends points toward the north, and the other toward the south. 
The former is called the north or boreal pole of the magnet, and the 
latter the south or austral pole. 

When a magnet is placed in iron filings they become arranged round the 



* The term lodentone — ^leading or guiding stone (from the Saxon Uedan^ to lead) — 
was given to the natural magnet, because when suspended it was obserred to point in 
a certain direction. 
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ends, as represented in Fig. 218 ; while toward the middle there seems to be no 
attraction. This is called the neutral line of the magnet « 

The existence of poles in a magnet constitntes what is called its poktrHy* 

316. Law of Attraction. — Like 
magnetic poles repel, unlike poles 
attract^ each other. 

This can be shown by the apparatus 
represented in Fig. 219. Suspend a small 
magnetic needle, a &, bj a fine thread, bal- 
anced at the center ; then bring the north 
pole A of another magnet near the north 
pole a of the needle, and it will be repelled ; 
but if A is brought near the south pole 6, 
the latter will be attracted. 

The same law may be illustrated in 
another manner. A piece of iron, a key, 
for example, is supported by a magnetized 
bar at A (Fig. 220). Now let a second mag- 
netized bar of the same size, with reversed 
poles, be moved along the first ; and as the south pole B approaches the contrary 
pole A, the key will drop. 

316. Magnetic Fluids. — ^The phenomena of magnetism have 
been accounted for on the hypothesis that there are two subtle fluids 
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Fig. 219. 




Fig. 290. 



pervading this class of bodies, the fluid predominating at the north 
pole being called red magnetism, and that at the south blue magnetism. 

These fluids, before a body is magnetized, are conceived to be combined 
around each molecule, in such a way as to neutralize each other, while they are 
capable of being separated by a force stronger than that of their mutual attrac- 
tions. When a body becomes a magnet, they arrange themselves so that the one 
fluid is on one side of the molecule and the other fluid on the opi>osite side. 
Thus they impart polarity, both to the molecules and to the whole body. 

That the fluids thus afFect all the molecules is obvious from the fact that each 
half of a magnet broken at the neutral line is itself a magnet with two poles. 
This cftn easily be tested by experiment. 
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317. Magnetio sulntanees are aadi as iron, ateel, and niiiel, 
which an attracted by the magnet 

A nugnetie sabetence is do! k magnet, siDcs It hu no poles, the two flaids 
neDtTftlliliig each other. H*gnetic BubBtanceu du not attrmct etch other, ftnd 
they attract tli« two polei o( k magnet equally. RejmUion, not attraction, is 
thiu Uie test of a magnet. 

318. Magnetio induction is the action of a magnet in changing 
a magnetic substance, as soft iron, into a magnet. 

Thus, il a Bmall piece of soft iron, a b (Fig. 231), be placed in contact with 
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one of the poles of a magnet, it will xupport a second piere, and that a third, 
and so on, tilt the power of the magnet is exIiaiiHted. Bach piece of iron ia a 
magnet hsTing poles like the large one. It a b is attached to the north pole of 
the magnet, a wilt be its south pole, and b ita north pole ; and in the next piece 
the polee will be reversed. If if b is 
nmoved from the magnet, all the 
others fall immediatel/, showing that 
thej are magnets onlj while under the 
influence of the nagnetiied bar. Iron 
and nickel are only temporary magnttt ; 
steel and cnbalt are permanent magtieU. 
Soft iron becomes instantaneously 
inagneliied by contact with a magnet, 
but does not retain the effect Steel 
can also be magnetized, but very bIowIt, 
and must Iw rubbed with one of the 
poles. It, however, becomes a perma- 
nent magnet 

319. Law of Magnetic At- 
traction. — Uagoetic attractions 
and repulsions are inversely as the 
square oF the distance& 
This was demonstrated by Coulomb by means ol the torsion balance, as 
shown in Fig. 222. The magnetic needle a A Is suspended in a glasE case by a 
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very Una silver wire. Tba tngle of the needle is measored bj a scale on th« 
tide of tlie oue, utd the unount of torsion of the wire b; % scale and mlorom- 
et«r tXed, shown on a larger scale at ED, At nt there la on apertore for the 
introdoetion of a magnet, A. The force of torsion being proportional to the 
angle of torsioD, it is poeaible bj this contrivance to aacertain the exact amoont 
of the magnetic attraction or repalsion under different clroumstanoee. 

When a magnet acta upon a mass of soft Iron, the law of variaUon is dlSoKnt ; 
the attraction being then inverselj proportional to the dtstauca of the magnet 
from the iron. 

320. The law of magnetic attraction and repulsioa ma; be pre- 
sented to the eye hy means of the magnetic curves, indicating the 
linee of force. The space within which this force ia exerted is called 
tiiemaffn^icjield. 



Take a thick sheet of paper and stretch it on a frame ; and strew over it some 
Terr line iron filings. Then on holding it over a horae-shoe magnet, and tap- 
ping the frame, the iron filings will arrange themselrea in cnrres, as shown in 
Fig. 223. These lines extend from pole to pole, the direction oonesponding to 
that of the magueUsm at each point If the paper be covered with a thin coating 
of wax before rocRivlngthe iron filings, the curves can when formed be rendered 
permanent b; heating the wax, and then allowing it to cool. 

Each pole it will be observed is a center of force, and if either pole be pre- 
sented, end on, to the filings, they will arrange themselves in concentric elrcles. 

When a piece of paper, as in the above experiment, is interposed between 
two nu^nets, the action of the magnets is not senslblj affected by it, nor Is it 
affected bj- the magnetism. This is trae of glass as well as paper, and of some 
other substances, which maj, therefore, be s^d to be moffneUcoB^ Irantpartnt. 

321. A magnatlc battery consists of a number of magnets united 
by their similar poles, either in a rectilinear or horae-shoe form. 



The battery represented in Fig. 234 ooiutBta ot twelve plfttei uruiged la three 
Ujen of four <Mcb ; tiut in Fig. 22fi ii oompoeed of wver«l iteel platea in the 



form uf » hoiBe-ahne. The Iktler form is best luiled for supporting a weight, 
jiiace both poles can be used at one time. 

322. ArmaturaSf or ka«pera, are piecfls of soft iron placed in 

contact with the poleB of a magnet, 
and kept there In order to prevent 
the loss of magnetism. 

Thus A tmd B (Fig. 234) are anuatures. 
Temporarily, thej are themselTes powerful 
magneta, with a poUritj the reverse ot the 
magnet to which tliej are attached. By re- 
aotiug on the permanent magnetism ot the 
steel, they preaerre and even iQcreaae it 

The keeper of a horae^oe magnet Is 
tunsUy so arranged aa to support a weight, 
■a represented in Fig. 22!> ; or sometimes 
with an additional weight, as in Fig. 220, 
The keeper becomes strongly magnetised 
nnder the loflueDce of the two poles, and 
adhere* with great force. The weight which 
it ran support Is twice as great as that which 
can be Bustained by i^itber pole. 

If the greati'st po^ible weight be at- 

"■• ■ tached to the keeper, and left in contact for 

• day. It win be found to bear an additional weight, and this may be farther 

Increased from day to day, until a maximum is reached. When contact is broken, 

however, the original weight is all that it will bear. 

323. Inaraase of tamparntura always diminUhes the magnetic 
force ; and when a magnet has been strongly heated, it does not on 
cooling regain the force lost ; white, if heated to redness, it ia en- 
tirely demagnetized. 

321. Magnetization is effected in various ways, chief among 
which are the methods by single touch, separate touch, and double 
touch. 

The method by single touch consists in moving, several times, tb<f pole of a 
powerful magnet along the bar to be magnetised, from one end to the other. In 



HAONETISM. 191 

that hf MparUa loach, the two opposite polM of two — 

mignela of eqnsl strength tre placed in the middle (rf 
the bar to be mignetiied, and moTed simaltMieoiulj 
toward the opposite ends of the bar. This process la 
repeated several timeB. When the method bj double 
toDch Is DSed, the two maguetssre placed with their poles 
opposite each other, cloae together, bat separated by a 
small piece of wood, in the middle of the bar to be mag- 
netized, and are moved together altematelj from one 
eud of the bar to the other. 

Whau a steel bar is bammered while being magnet- 
ized, it reqnires a higher degree of magnetism ; bat when 
a magnet is rlolentlj distarbed, u bj a fait, It loses a 
part of its magnetio force. If a bar of soft iron be held 
In a Tertical position, and twisted, it will become feebl; 
bat pennanentlj magnetized. ^' ^^ 

n.— TEBBBBTBIAL HIGNBTIBH. 

326. Th« Earth as a Magnet. — Obserrationa on the direction 
of the magnetic needle in different parte of the world seem to show 
that the earth itself is a magnet, the poles of vhich are near the 
geographical poles, and its neutral line almost coincident with the 
equator. 

While we speak of that extremitj of the needle which points to the north as 
Its north pole, it Is really the south or austral pole of tlie magnet, and la so named 
by the French. The English someUmes call it the marked end of the magnet ; b; 
some It Is designated the noTth-pointtJig pole. 

326. The declination of the magnetic needle ia the angle 
which the direction of the needle makes, at any place, with the merid- 
ian, or north and south line. 

As the magnetio poles of the earth do not oolncide with the geographical 
poles, the direction of the needle which is toward the former, most vary more or 
less from the north according to the situation of the place. At present, the declina- 
tion of the needle Is west in Europe and Africa, and east in Asia and in most parts 
of America. It undergoes variations at different times, even In the same place. 

In certain parts of the earth, the direction of the needle is directly north and 
sooth. The Irregularly curved line drawn through these places Ik called a Ii'n<! n^ 
no ntrialion, or ngonk line. Lines connecting those points on the earth's surface 
where the declination is the same are called iao/jonic Una ; and maps showing 
the direction of these lines are called lieeUmition map*. Owing to the variation 
of the declination, these maps require correction from time to time. The annual 
variation of the declination was discovered by Cassini in 1780. 

The declination is subject to annual and diurnal variations, besides acol- 



denUl or ooeMioDftl chutgM due to tntgiietle Rtomu, eutfaqnakea, and Tolemnlo 
eraptlona. In polar regions, th« needle sometimea osciUatei Kveral degrees, 
eipeol&llj u s preMge of the auron borealU. 

327. Mariner's Oompasa. — The most importuit inHinuQent 
coDtainmg nn appUcation of the directive property of the magnetic 
Dsedlle, is the tnariner'a comftau, used in guiding the oourae of a aliip 



Pis. sn. 

Hill luBtmmeat la reprewntod in Fig. 227. It oondMs of a ajllndrioal Mae, 
B B', which is BDpported on two coacantiio rings to keup the inatmment boriiontal. 
Of theae one, attached to ttie caae, moves on the azla d x ; and the other, A B, 
movea in tlie support P Q on the axia m ti, at right angles with the flnt. The 
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fietdU is a magnetic bar, a b (shown In Fig. 338, which repreaenU a vertical seo- 
tion of the compass). This reata on a pivot fixed to the bottom of the box, and 
capped witli agate ; and moves witli a Ami at mioa, on which are traced the 
points of the compass, N corresponding to the position of the needle and marked 
bj a star. The direction of the vessi-l must coincide witli the sight-vane passing 
throngh a line, rf, marked on tlie Inside of the box (aometlmes called luAfi«r'f}wAi<). 
328. Inoilnatlon or Dip of the Masnatio Maadle.— The posi- 
tian of the needle, when Bnapended so as to move freelj, is not par- 
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ftllel with the plane of the horizon, but makes with it an angle, which 
yaries at different places. This is called the inclination or dip of the 
needle. 

In the northern hemisphere, the north pole of the needle dips downward ; in 
the southern hemisphere, the soath pole. The dip is greatest in the polar regions, 
and diminishes toward the equator, where it is zero, or nearly so. Tlie circle on 
the earth drawn through all those places at which there is no dip, is the magnetic 
equatoTf or adinie Une, Lines connecting places in which there is the same 
angle of inclination are called i$odimc Unes, The inclination, like the declina- 
tion, is subject to constant change. 

329. An astatic needle is one so placed that it cannot be af- 
fected by the magnetism of the earth. 

A needle movinjg on an axis in the plane of the magnetic meridian and par- 
allel to the inclination would be (utaiic. Two needles 
joined parallel to each other, with the poles in contrary 
directions, as shown in Fig. 229, form an aitatie iyatem. 

The intensity of terrestrial magnetism varies in 
different places, and in the same place at different 
times. The total magnetic action of the earth has 
been estimated to be equal, for every cubic yard, to 
that of eight bar magnets, each weighing a pound. 

The magnetic intensity increases as we go toward ^' 
the poles. Humboldt found the point of least inten- 
sity on the magnetic equator in northern Peru. Com- ^*** *^' 
pared with this, at Naples, in lat. 40" 50' N., the magnetic intensity is 1.274; 
and at Spitzbergen, in lat. 79** 40' N., it is 1.567. 

Lines on the earth's surface drawn through places where the magnetic inten- 
sity is the same, are called isodynamie lines. These lines are not parallel to the 
magnetic equator, but very nearly follow the direction of the isothermal lines. 

MagneUiO phenomena have, for several years, been carefully observed at special 
observatories located in different parts of the earth. From these observations, it 
appears that the earth's magnetism undergoes constant changes or fluctuations, 
which are due to the operation of general laws as yet but imperfectly understood. 

Magnetic storms have been shown to be periodical in their occurrence ; and 
a careful comparison of magnetic and astronomical observations seem to prove 
that the period of greatest disturbance in the terrestrial magnetism coincides with 
the period of greatest apparent agitation of the sun's atmosphere, as shown by 
the number, size, and frequency of the solar spots. At the observatory at Kew, 
a luminous mass was seen to shoot across a vast sun-spot, at the same time that 
the magnetic needle indicated powerful disturbance, simultaneous with which 
there occurred one of the most violent magnetic storms ever known. 

The aurora horealis Is most generally seen during a magnetic storm ; indeed, 
no great display of the aurora can occur unless as the result of violent and exten- 
sive magnetic disturbance. (See Art 411.) 
18 
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SYNOPSIS FOR REVIEW. 

f I— Pkopbrties OP Magnets. 

1 . Moffn^ta and M(tgneii$m . — Lodestone. 

1. Artificial magnet. 

2. Poles.— Neutral line. 
8. Lav of attraction. 
4. How illustrated. 

2. MoffneHc Flutds. 
8. MagneUe Substances, 

4. Magnetic IndncUan, 
Temporary and permanent magnets. 

5. Law of Magnetic Attraction : 

Illustration : \ I' ^^ ^^® torsion balance, 
( 2. 'By magnetic curves. 
0. Magnetic Battery : 

1. Plate battorj. 

2. Horse-shoe battery. 

3. Armatures, or keepers. 

7. Egfect of Temperature on Mfignets: 

« w ^- .. (^- By single touch. 

». Mag7iettgatton : j 2. By separate touch. 

!?«**, ( ^- % double touch. 
^ ififfect of hammering and of disturbance. 

§ S n.— TeskuestrialMaonbtism. 

1 . Tfte Earth as a Magnet : 

1. Its magnetic polarity. 

2. Location and designation of magnetic polea 

2. Declination of the Magnetic JVeedle: 

1. Cause. 

2. Line of no variation, or agonic line. 
6. I.sogonic lines. 
4. Variation of declination. 

3. Mariner's Compass: 
Construction and use. 

4. LiHimtUon or Dip of the Magnetic NeedUe : 

1. Cause. 

2. Direction in N. and 8. hemispheres. 

3. Aclinic line, or magnetic equator, 

4. Isoclinic lines. 

5. Astatic Needle : 
Astatic system. 

0. Intensitg of Terrestrial Magnetism : 

1. Variation. 

2. Total magnetic action of the earth, 
j 3. Magnetic storms. 
I, 4. Aurori^ boreali^. 
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CHAPTER IX. 



FRICTIOXAL ELECTEICITY. 



I.— PHENOMENA AND LAWS OP ELECTRICAL ACTION. 



330. Nature of Eleotrloity. — Electricity is a powerful physical 
agent, the existence of which is made known chiefly by attraction and 
repulsion, but also by luminous and heating effects, and various 
other phenomena. Its action is excited by friction, pressure, chemic- 
al operations, heat, and magnetism. When excited by friction, it is 
called yWc/tonoZ electricity. 

When B glass rod or a stick of sealing-wax is held in the hand, and rubbed 
with a piece of flannel, the parts rubbed will attract light substances, such as 
fibers of silk or wool, feathers, bran, gold- 
leaf, or small pieces of paper ; but these, 
after coming in contact with the excited 
body, will be repelled. 

The name deetricity is derived from 
dectron^ the Greek word for amber ; as it 
was discovered bj Thales, in the middle of 
the sixth century, B.C., that amber when 
rubbed with silk acquires the property of 
attracting light substances. About twenty- 
two centuries afterward, during the reign 
of Queen Elizabeth, Dr. Gilbert showed 
that this property exists not only in amber 
but in sulphur, wax, glass, and other bodies. 
From the latter part of the eighteenth, and 
during the present, century, the researches 
have been made from which our present ex- 
tensive knowledge of the action and effects 
of this wonderful agent has been deduced. 

331. Eleetrosoopes are instruments used to ascertain whether 
a body is electrified or not 

The simplest of these is the dectric pendulum (Fig. 230), which consists of a 
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pith-ball Bospended by a silk thread from a glass support If an eleotrifled 
body is brought near the pith-ball, the latter is attracted, and after contact re- 
X>elled. 

A solid body may be electrified by friction with a liquid) or with a gas. If a 
small quantity of mercury be shaken rapidly in an exhausted glass tube, the 
latter will become luminous. Some substances, as the metals, cannot be excited 
by friction when held in the hand, because the electricity is conducted from 
them as fast as it is produced. 

332. Conductors and Non-Conduotors. — Bodies through which 
electricity passes freely are called conductors ; those which resist its 
passage are called non-conductors. 

When a dry glass rod or a stick of sealing-wax is rubbed at one end, it be- 
comes electrified at that part only, showing that the electricity excited does not 
pass from one end to the other. These substances are n(m''eanduetor9. On the 
contrary, when electricity is excited in one i>art of a metal, it spreads over its 
whole surface, because metals are good conductors. All substances, howeyer, 
conduct electricity to some extent ; and all make more or less resistance to ita 
passage. Hence there are no absolute conductors or non-conductors. 

The following substances may be classed as conductan: Metals, charcoal (well 
burned), graphite (plumbago, or black lead), acids, aqueous solutions, water, 
snow, vegetables, animals, linen, cotton. 

The following are non-conductors: Ice (at —25" C), lime, India rubber, air 
(and all dry gases), dry paper, silk, precious stones, glass, wax, sulphur, resins, 
amber, shellac. 

The following are semi-condtvctors : Alcohol and ether, powdered glass, flour of 
sulphur, dry wood, paper, ice at zero. 

333. Insulation. — When a body rests on a non-conducting sub- 
stance, as glass or resin, or is suspended by a silk thread, so as to 
retain the electricity it acquires, it is said to be insulated. Hence, 
non-conducting substances are called insulators. 

No substances are perfect insulators, since all electrified bodies lose their elec- 
tricity with greater or less rapidity through the bodies with which they are in 
contact. Dry air is a good insulator, but moist air a conductor ; hence, in elec- 
trical experiments, the insulating substances must be rubbed x>erfectly dry. 

Metals when insulated can be electrified by friction. Thus, if a brass tube is 
held by a glass handle and rubbed with silk or flannel, it becomes charged 
with electricity, as can be shown by test with the pith-ball of the electric x)endu- 
lum (Fig. 230). Wlien the metal is held in the hand, the electricity passes 
through the body of the person holding it, to the ground. 

334. There seem to be two kinds of electricity —that excited in 
glass, caUed vitreous electricity ; and that excited in resinous sub- 
stances, such as sealing-wax or shellac, called resinoits electricity. 

If an electrified glass rod be brought near an electrical pendulum, it will 
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attract the pith-ball, and after contact repel it, the ball becoming electrified. 
Nov if an electrified stick of sealing-wax be brought near the ball, it will attract 
it, and after contact repel it ; thus proving the following law : 

335. When bodies are charged with the same electricity, they 
repel each other ; but when charged with opposite electricities, they 
attract each other. 

The electrical phenomena are accounted for on the theory proposed by Dr. 
Franklin, that electricity is a subtle fluid pervading all matter, and when in the 
natural state in equilibrium ; and that by friction some bodies obtain an additional 
quantity, and become potUively deetrifled ; while others, losing a part by friction, 
are neffativdy dectrified. Hence the terms positive and negatiw dectricity, repre- 
sented by the signs + and — , the former corresponding to vitreous, and the 
latter to resinous electricity. 

Symmer's theory assumes that the electric fluid is formed by the union of two 
fluids — the positive and the negative ; which in the natural state neutralize each 
other, but are separated by friction ; and that the electrical 
condition of a body depends on which one is in excess. 

336. When two bodies are rubbed together, 
one body acquires positive and the other negative 
electricity. 

To prove this the following experiment was devised 
by Faraday : A small flannel cap, having a silk thread 
attached to it (Fig. 231), is fitted on the end of a thick rod ^^' *"• 

of shellac, and rubbed round upon it several times, so as to excite the rod. The 
cap is then removed by means of the thread (which insulates it) ; and when pre- 
sented to a pith-ball positively charged repels it ; while the stick of shellac 
attracts it This shows that the cap is charged with positive electricity while the 
shellac acquires negative electricity — and in equal quantities ; because, if the rod 
and cap together are presented to the pith-ball, they neither attract nor rex>el. 

337. The electricity developed by fiiction depends on both the 
rubber and the body rubbed. 

Thus glass is negatively electrified when rubbed with cat's skin, and posi- 
tively when rubbed with silk. In the following list the substances are arranged 
in such an order that each is positively electrified when rubbed with any of those 
following it, and negatively when rubbed with any of those that precede it : 

1. Cat's skin. 5. Glass. 9. Wood. 13. Besin. 

2. Flannel. 6. Cotton. 10. Metals. 14. Sulphur. 

3. Ivory. 7. Silk. 11. India rubber. 15. Gutta-percha. 

4. Rock-crystal. 8. Tlie hand. 12. Sealing-wax. 16. Gun-cotton. 

The character of the electricity developed by friction depends also on the 
direction in which the bodies are rubbed, their relative temperature, and the 
smoothness of their surfaces. The body of the lower temperature, or smoother 
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sarfaoe, is positiveljr electrified ; and if two silk ribbons are nibbed across each 
other, the one transversely rubbed is negativelj charged. 

Pressure and cleavage also develop electricity. If a piece of India rubber 
and a piece of cork be pressed together, the cork will become positively and the 
India rubber negatively electrified. If a plate of mica be rapidly split in the 
dark, a phosphorescent light will be observed. Sugar, when broken in the dark, 
is also seen to emit light from the same cause. 

By delicate experiment with a torsion balance, Coulomb discovered the law, 
thai the force of attraction or repulsion between two electrified bodies is inversely 
in proportion to the square of their distance. 

338. Distribution of Electricity. — ^When a body is eleotaified, 
the electricity does not penetrate into the interior, but is confined to 
the surface of the body. Therefore, the distribution of electricity 
depends not on the mass of the body, but on the extent of its surface. 






Fig. 282. 
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This can be shown by the hollow sphere and proof-plane (Fig. 282). A hol- 
low copper sphere, having an orifice at the top, is insulated and charged with 
electricity. A small disc of copi>er foil insulated by a thin handle of glass or 
shellac (called tk proof -plane) is applied to the internal surface of the sphere, and 
when tested by the electric pendulum shows no trace of electricity ; but if it is 
applied to the external surface of the sphere, and then tested, it is found to be 
electrified. 

Faraday *s experiment ingeniously illustrates this principle. A metal ring 
with a conical gauze bag is fitted to an insulating stand (Fig. 283). The bag 
being charged is found by the proof-plane test to be electrified on the outside. 
It is then turned inside out by means of a silk thread attached to the end and 
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extending iMth wftja ; tiad the electrioitj ia found on the outer, not the inner 
Burteoe, ahoirlag that it has poased from one to the other. 

When an innitsted bird-cage ia charged with electricity, bodies nithin the 
cage are unaSeat«d by it, while the outside givea strong indioations of electrical 

The aoonmolation of the electricity on the onter Burfs«e of bodies is con- 
ceived to arise from the repulsion which the particles exert on each other. The 
electricity is thns forced to the outside, where it is oonfined bjr the poorly con- 
ducting atmosphere. 

339. EI«otrio Dsnslty. — The quantity of electricily existing at 
any moment on a given aurface is called the electric density. 

When a metallic sphere is electrified, the electricity is nniforml/ distributed 
over its surface, as can be shown by a proof-plane and torsion balance (Fig. 
S)23); but in unsymmetrioai figures tliis is not the oasij, In the case of a cylinder 
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with rounded ends, for example, the density would l>e greatest at the ends and 
least in the middle portions. If an ellipsoidal body (Pig. 234] be eleotriSed, it 
will be found that the distribution of electricity la greatest at the point a, and 
least at the middle part e. 

Tht tUetridly acaimviatea at the metl acute point*. When the hand is brought 
near a point on an electrified conductor, a alight wind is felt ; and if the elec- 
tricity is disengaged in the dark, a luminous bmah is seen. Hence, to retain 
electricity all sharp points and edgea mnat be aToided ; and the contrary, If the 
object is to facilitate its oatflow. Conductors usually terminate in knobs. 

340. Induotlon is the influence which an electrified body exerts 
over a body placed near it, in charging it with opposite lunds of 
electricity. 

U an insulated braH cylinder, A (Fig. 286), be placed ueai 
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dndor, H, ah*n^ with positiTs eleotricltj, free elMtrtoity trill be dereloped at 
each and of the cylinder, negfttlTe at the end neat H, and pwitiTe at the farther 
end. Thai the cylinder beMmes polarUed, the two ends being the poles. This 
will be indioated bj the repulsion of the pith-balla suspended ity linen threads, 
as shown in the figure. And if an oxcih'd glass rod be held at the one near H, 
it will be attracUid, showing that it is negativelj electrified ; while, if an excited 
stick of sealing-wax be used, the pith-ball will be repelled. The same phe- 
nomena reversed will be presented b; the other pith-balL 

The effects of induction are ascribed to the decomposition of the neutral 
sleotricitj of the c/linder \ij the free poaitire electricitj of the conductor, at- 
tracting to the end nearest it the opposite electricitj, and repelling that of the 
same kind. Between the two ends, or poles, there is a neutral space. 



Fig. S35, 

When > body Is nharged by conduction, the cliargiug body loses a part of its 
electricity ; but in iodaction this is not the esse. In conduction the eleotrioity 
imparted is of the same kind ; in induction, of the opposite kind. In condnc- 
tion, there mnst be complete insulation ; but in induction, eyery additional 
charge requires at least a momentary oonnectiaii with the earth. Thus, when 
both pith-balls diverge (Fig. 235), if the farther end of the cylinder be connected 
with the earth, thus allowing the positive electricity to escape, the pitli-ball at 
that end will immediately collapse ; while that at tho other end conlinnes to 
diverge, showing that the negative electricity is still supplied. 

A body electrified by Induction acts in turn on bodies near it, as shown in the 
cylinder B in Fig. 235, the part near the positive end being negatively electrified, 
and the other positively. 

Faraday showed that electric induction is not really, as it seems, an action 
at a distance, but that successive layers of the iutervenlog air, or other insulating 
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substance, become altemafelj charged with positiye and negative electricity. To 
this he gave the name didectric poiariecUwrif and called the yarying capacity 
which bodies possess of transmitting electricity the indudite potoer. 

This is manifested by insulating bodies, or didedries, in different degrees. 
Thus, if at a certain distance tlie inductive action of an electrified body upon 
the electroscope be observed, and a disc of sulphur or shellac be then interposed, 
other conditions remaining the same, the electric action will be found to be 
almost doubled ; showing that induction takes place twice as effectually through 
the one dielectric substance as the other. 

The inductive capacity of air being represented as 1, resin is 1.76 ; glass, 
1.90; sulphur, 1.93; shellac, 1.95; India rubber, 2.80 ; gutta-percha, 4.00; and 
mica, 5.(K). 

341. Commiinieatlon of Electricity at a Distance. — ^When 
bodies at a distance from each other are charged with different kinds 
of electricity, the immediate passage of one kind to the other is pre- 
vented only by the non-conducting air between. Hence, when the 
density is increased, or the distance diminished, beyond a certain 
limit, they rush together, producing a spark, and causing a sharp, 
crackling soimd. 

When a finger is presented to a strongly electrified conductor, the latter sep- 
arates the neutral electricity of the body ; and the opposite electricities combine 
with a spark. 

342. Lightning and Thunder. — Lightning is caused by the 
passage of electricity between a thunder-cloud and the ground, or 
between two clouds, one being positively and the other negatively 
electrified by induction. Thunder is the violent report which accom- 
panies the discharge, and is caused by the disturbance produced in 
the air, by the passage of the electricity. 

The clouds are generally electrified, either positively or negatively, and when 
passing over the ground induce in it the contrary kind of electricity. When a 
thunder-cloud is positively charged, as it generally is, the ground becomes nega- 
tively electrified ; and when the distance is small enough and the density suffi- 
ciently great, a discharge takes place, generally of the positive electricity. 
Lightning, therefore, usually comes from above ; but sometimes it passes from the 
earth to the cloud, and sometimes from cloud to cloud. * 



*Many of the early investigators of electrical phenomena conceived that lightning 
was kindred with the electric, spark; bat it was Dr. Franklin who demonstrated their 
identity, by means of his famous kite experiment — sending np a kite into a thonder- 
cloud, and drawing the electricity down, by means of the string, to the end of which a 
key was attached, and to this a silk ribbon in order to insulate it from the hand. Soon 
there were decisive indicationB of an electric charge ; and placing his knnckle at the 
key, he produced a saooession of strong sparks. It was a dangerous experiment, and 
subsequently a Russian physicist lost his life by attempting a similar one. 
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A elond decselj chained with poettive eleetrietty aSeots tli« el«clrickl condi- 
tion not onij of tha put of the earth near to it, but objects on its snrfMe, inclad- 
Ing living beings. When the discharge takes place, there li an immediate relum 
to the neutral state, which causes a violent ooncussion that sometimes destro/a 
life. This is called the return ihock. 



n.— ELECTTEICAL APPARATUS. 

313. Oold.leaf EI«atrosoope. — TMb is an inBtniment for det«r- 
minmg the preseoco of electricitii' in a body, and the kind of elec- 
tricity with which it is charged. 

This Instrament has, therefore, the same oae as the pith-ball peadalum, bnt 
ii more delicate. It is shown in Fig. 3U6. Two strips of gold-leaf, n n, are at- 
^ tached to the lower end of the metal 

'S^. rod, which passes through an opening 

^^- - In the top of the bell-glsss B, and ter- 

mlnstee in the knob C. The bell-gla» 
stands on s metal foot, and for moK 
complete insuUtion ia ramished with 
shellac at the upper part. The air in- 
side ia dried bj quicklime, and there 
^ are within two small metallic columns, 
(T, which communicate with the gronnd, 
so that should the ilripa of gold-leaf 
diverge so far as to come in contact with 
them, the; lose their charge and ool- 

When the knob is touched with a 
^'«- ""■ body charged with either kind of elec- 

tricitj, the strips of gold-leaf separate ; and when an electrifled body — a glass 
Tod or a Btick of sealing-wax, A^is held near the knob, the latter becomes, by In- 
duction, charged with negntive or positive electricity ; and the strip* of gold-leaf, 
becoming op])OBitely electrified, are made to diverge, 

344 The electrical machine is an instrument for tlie develop- 
ment of electricity. It is constructed in Bcveral different forma. 

. The pJofc dfC/ntviI maehine conaisls of a circular gloss plate, P (Fig. 237), 
placed on an axis between two wooden supports, and turned by a handle, M. 
The plate revolves btlween two lets of nukhnt or nUibers, F F, of leather or silk, 
one set being above the axis and the other below, sad bo arranged that they may 
be pressed against the gloss as firmly as required. The plate moves between two 
brass rods shaped like a horsc-shoc, and supplied with a number of points on the 
sides opposite the glass. These rods are fixed to large metallic cylinders, C C, 
called the prime conductors, which are insulated by being supported on glass 
feet, and are connected by a rod, r. 
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Wlisn tbe plftte fsTeTolred the gUM beflomes pocdtlvelj and tlia rubbers nego- 
Uvely eleotrified ; tnd m the Latter are connected with thu ground b; m«a)u of a 
chain, they oonstantl? lose the negative electricitj acquired. Tbe positive elec- 
trioitj of the gtaas, acting bj induction on the conductor, o&iues negative eleo- 
triolt; to collect at the points ; and thta, after reaching a certain d^ree of deniitj', 
passes across to the glass plate, and neutrallies its positive electricit]'. The con- 



Fig. en. 

dnctoTs thus loee their negative elootricity and remain choired with positive 
electrialtj. The plate, therefore, gives nothing to the prime condnotors, ontjr 
taking from them their negative electricity. If the hand be brought near the 
knob of the conductors when charged, a spark follows, wbicli is repeated as often 
as the plate is turned. 

The machine as thus arranged gives only positive electricity ; but if the 
conductor be connected with the ground, oud the machine be placed on an in- 
sntaled table, the positive electricity escapes, and the negative is collected in the 
supports and on the table. Thns a spark wilt pass from the supports to the Iiand 
when brought near then). 
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345. "WlieQ the loss of electricity becomes equal to its prodaction, 
tlie limit of the machine is reached. The loss depeods on (1) the 
conducting power of the atmosphere, varying with its moisture ; (2) 
the escape of electricity through the supports ; and (3) the reunion 
of the electricities of the rubbers and the glass. 

When the rotation of the pitte reaches a cert^n degree of rapidity, the charge 
attains a point at which it overcomea the resistance pre- 
sented by the non-coo d acting property of tlie glass, when 
the two electricitiea separated on the rubbers and the glass 
partly recombine ; and the charge then remains consbtnt. 

346. The electrometer is a contrivance used 
to measure the degree of the char^. 

It coDSista of a pith-hall pendulum and scale, applied 
[o a wooden rod, d (Fig. 23S), which is attached to the con- 
dnctor of the machiue. As the charge is increased, tlie 
peadulnm risea, and acts as an iodei on the scale. 

347. The cylinder machine, in which a glass 
cylinder is used instead of a plate, is well adapted 

Fif. KB. to develop either kind of electricity. 

In Naime's machine (Fig. 239) the cylinder is rnhbed by only one cushion, C, 
wiiioh is made of leather stntted with borse-hyr, and screwed to an insnlated 
condnctor, A. On the opposite side of the oylinder there is a similar insulated 




condnotor, B, which has a series of points next the glass. To the lower part ot 
the cushion there is attached a piece ot oiled silk, extending over the cylinder. 
fThis is not shown in the flgnre.) When the cylinder is turned, A becomes 
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chMged witb negatirs electricitj, and B with positive electricity hj the Iom of 
its DegatWe from the points P. The two oppoiil« electricities now nnite by & 
■noceasion of sparks across D uid E. If use is to be made of the eleotrfclty, 
either the rubber or the prime oondnctor most be oonneoted iritb the groniid. 
In tbe former oue, positive etectrloltj is obt^ned ; in tbe latter, negative. 

318. Holti's eleotrloal machlner which acta not by frictioabut 
by induction, ia a far more effective inetrument in developing elec- 
tricity. 



FIs. MO. 

This instmment Is represented in Fig. 240. It coDslats of two thiD clrcolar 
plates of gliBB, about one-eighth of an inch apart, the larger one, A A, being 
flxed bj means of the four wooden rollers a resting on glass axles and feet. The 
other, B B, abont two incbus in diameter smaller {han A A, turns on a horizontal 
gloss aile, hj means of the winch H and a combination of wheels. In the plate 
A are two largu openings, F and F', along the edges of which bands of paper, p 
and p', are glned, and strips of cardboard, n and n'. Tha papers p, p' constitute 
the arToatara, which are covered with shellac vamlsh, oa are also the tongues 
and the plates. In front of the plate B, at the height of the armatnrea, ore two 
brass oombe, O and O', which are attached to two brass conductors, and C, 
having on their front ends large brass knobs through which pose brass rods ter- 



806 PHYSICS. 

minktlng in the Email knobs r and r', and provided with Tuloaiiite lundleB, K 
and K. These rods cau be mOTsd together or apart. The plate is moved, a:i fn- 
dioated by the arron, toward the points n, n. 

To work the machine, the knobs r, t' are brought together, and a plate of 
Tulcanite, electrically charged, vt bronght near to one of the armatures, as p \ 
tbe pUt« 1b then turned for a few Becoada, and the two knobs gradiutll; sepa- 
rated. A crackling ensues, and sporlcB puss across the interval. 

The action is as follows: the vulcanite being charged with negative etec- 
tridt;, withdraws the positive electricity of the armatnre, and charges It nega- 
tively. The armature, acting by induction through the plate B as it tarns on 
the conductors G and O' C, attracts through the oomb O the poeitive electricity 



whioh collects on (he front face of the movable plate ; while negative eleotridt^, 
repelled on the comb O', collects on the front face of the plate B. Hence, at the 
end of half a turn, the lower half of the plate is positively electriH^d, and the 
upper surface negatively. But the two opposite electricities above and below P* 
decompose the electricity of tho armature p' n', the part p being positively elec- 
trified, while the point ?>' discharges negative electricity. As the plate is turned, 
a similar elTeot is produced on n ; afid thus a con-itant supply of electricity ia 
kept up. Very powerful oifecls can be produced by this machine. 

Blectricity is also developed by the escape of sloam through small oriAoes, 
being caosed by the friction of the globules of water against the jet. On this 
principle Is constructed ArmtiTOTt^l hydro-clcttjic maehiM. 
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Elkctkicai. Expeiiuib:{T8. 



349. Eleotrlo Spark. — When the hand, or any otlier conducting 
Hubstaace, is held sear the charged conductor of an elecb^cal ma- 
chine, a spark is produced. This spark oseumcB different forms. 

When it RtrikoB at a short distuico, it la rectilinear (Fig. 341) ; beyond tiro or 
three inohee, it InkeB the form of an irregular branching curve (Fig. 342) ; and 
It rer; powerful, aBSumes a lig-wg shape (Fig. 343). 

A spark may be taken from the human body by the aid of an innilating 
Btool, tliat is, a Btool prorided with glass legs. A person standing on this and 
touching the conductor becomes charged; tbe hair diverges, as the separate 
hairs are similarly electrified, and consequently repel each other — and a spark 
pasBei from any part of the body to a conducting substance. 
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350. The eleotrloal chimes consist of three bells suspended to 
a horizontal metal rod. 

This is ahoim in Fig. 344. A and B are positively electrified, being con- 
nected by wire with the conductor; but the middle bell C is suspended by a 
silk thread, and therefore insulated. Between liie bells are copper bolls, which 
are alternately attracted and repelled by the Iwlls. 

361. The eieotrloni whirl or vane consists of several wires with 
points bent in the same direction and fised in a central cap, which 
rotates on a pivot. 

As the machine (Fig. 245) is worked the vane revolves rapidly in a direction 
opposite to that of the points. Tliis is due to the repulsion Iwtween the electricity 
of the points and that which the adjacent air receives from them by conduction. 
The electricity collecting on the points passes into tbe air, and thus imparting a 



oliirge of electrioltj, repels this eleotrioit;, while it ia itaeU npelled. In irUor, 
wliiob !■ ft good aandnotor, tlie Tuia ctjues to rotUe. 

m. -ACCUMULATION AND CONDENSATION OP KLBCTRICrrr. 

362. The electrepherus is a simple contrivanoe for ooUecting 
and preserving electricity. 

It ooiuiiti of A cake of r«8in, B (Fig. 346), abont 13 IdoIim Id dluneter and 
Ml inch thick, plued on a metallic Borface, or fitting In a wooden mold Un«d 




Fig. UA. Us. NT. 

with tiQ-foil, which la called the/orm. A metal disc, A, with ■ glan handle urrea 
■■ ■ com-. To use the apparatus, warm all parts of it and place the cake In the 
form; then charge the cake by striking It briikl; with a piece of silk or with 
cat-akin, and apply the cover. The negative electricity of the oake palariies the 
cover, attracting positive electricity to the under surface and negative to the 
npper. Touch the upper surface (Fig. 247) and the negative electricity will paM 
off, leaving the caver charged vith positive electricity, held by the negative in- 
flnence of the cake. When the cover is raised by Its insulating handle, It may 
be discharged by touching it with the finger or any condncting subetauoe. 

Inetead of resin, gutta-percha or vulcanite maybe employed, or glan; but, U 
the latter be used, the eiectrioitieB in the cover are reversed. The efertTwpJorus 
may for many nimple experiments take the place of the machine, of which, in a 
certain degree, it is the type. 

363. A condenser ia an apparatus for collecting a large quantity 
of electricity on a comparatively small surface. It conaists essentially 
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of two iDBOlated conductors separated by a non-conductor, acting 
OQ the principle of induction. 

Eplnns'e condenser, represented in f^g, 348, coneists of tiro circular brasi 
plates, A uid B, with a slieet of glass, C, between them. The plates are Inea- 



laled, reatSng on glu8 legs, morabla along a support, and each has a pitli-ball 
pendulum attached to it. To accumulate electricil/, the plates are placed iu 
contact with the glass, and* one is connected witti the conductor of an electrical 
machine, the other being connected with the ground. 

The principle of ite action mnj be thus explained: B (Fig. 240) being 
charged with positive electricity by the machine, causes an aceumulatfon of 





negative electricity In A on the eorface n, the positive on r passing to the ground. 
But the negative electricity upon n reacts on the surface m and induces in i't an 
escen o( poeitlve Blectricity, diminishing that of p, which is thus able to receive 
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more from the mftohins. When there is uk eqnilibriiuii between the maohine 
and p, no more can be received, and the condenser ia full/ charged. Connectlou 
with the ground is then brokeu. 

An inEtautaneous diachitrge can be effected by means of the dit/Aarging nd 
(Fig. 250). This oousifts of two bent brass rods joined by a hinge, and provided 
with glass handles. One of the knobs is pressed ag^Dst one plate of the oon- 
deiuer, and the other knob broaght near the oUier. The two oppodta eleotriol- 
ties are thus suddenly reoombined and the eqnilibrlmn restored. 




354. Leyden Jar. — The Leyden jar, which redeived its name 

from the place where it was inreated, is a kind of coodenser. It con- 

siets of a gUss jar, the interior of which ia either coated with tin-foil 

or filled with thin leaves of copper or gold-leaf; and the ontaide 

also coated with tin-foil except at the upper part The moath ia 

closed with a cork, through which a hraas ro4 ia passed, that tetmi- 

nates at one end in a knoh, and 

communicatea with the metal 

coating within. 

Like the condenser described (Alt. 
3S2), tlie jar le charged by connecting 
either the internal or external coating 
with the maoliins and the other with 
the ground. When it is held in th« 
hand bjthe external coating [Pig. 251) 
and the knob presented to the positive 
oondnctor, positive electricity is aceu- 
Pl^ ^^ mnlated on tbe inner and negative on 

the outer oouting ; bat if the jar Is 
held by the knob, and the external coating presented to the conductor, the re- 
verse takes place. The positive cliarge acting inductively across the dielectric 
glass, decomposes the electricity of the outer coating, attracting the negativB and 
repelling the positive, the latter passing off by tlie hand to tbe ground. Thus 
the two Goatiugs act like the plates A and B (Fig. 249). 
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Tlie Lejrden j*r m^j tie instantaneonslj diiohmrged by gruplng the ontride 
ooatiug with one hand, and connecting the tvo coatings by mean* of the di^ 
charging rod (Hg. 252}. A Hmart shock will be felt, unless oare be taken to 
touch, the ezt«rual coating Jtrat with the discharger. It may be discharged 
slowly by placing it on an insulated plate, and touching, either with the hand or 
with a metallic conductor, Srst the inner and then the oaler coating. The dia- 
chai^e then lakes place with a succession of slight sparks. 

The^c ffiKA tiioaibte eoatingt, A (Fig. 2Si\ is used to show that the electricity 
collected in the Leyden jar is accumulated chiellj on the surfaoes of the gUn. 
For if the jar A be charged, placed on an insulating plate, and then taken apart ; 
and the outside coaUng, C, as well as the inside part, D, be discharged ; and than 
If the; he put together again, a shock may be taken from it nearly as strong as 
before the ooatings were removed. The coatings, therefore, merely perform the 
office of conductors, and distribute the electricity over the surface of the glass. 



355. An ejAOtrio battery consists of a number of Leyden jam, 
haTing their internal and external coatings respectively connected 
with one another, so that they may act aa a dngle lai^ jar. 

The larger and thinner the jar, the more powerful the charge of which it Is 
capable ; hut targe jars are unwieldy and thin ones liable to break \ and, more- 
OTer, when the glass is very thin, the electricities ore apt to dischaige themselves 
throogh it Hence the use of the battery (Fig. 254). The jais are placed in 
a box lined on the bottom with tin-foil, which is connected with two metal 
handles in the sides. The Inner coatings are connected with each by metallic 
rods, and the outer coatings connect with the ground by means of a chi^ fixed 
to the handles. Tho battery is cha^e<l by placing the inner coatings in con- 
tact with the conductor of an electrical machine, and discharged by connecting 
the coatings, in the same manner as a single jar. 

In ezperimenling with Xksb batteries great canlion is needed to avoid se- 
rious or even fatal accidents. In such experiments, the unirrrwl ditcharger Is 
employed, which consists of a wooden stand on which there are two glasB pil- 
lars supporting two brass rods turning in universal joints and terminating ill 
knobt. Between these pillan Is a small ivorj table, on which is placed the oh- 
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jeot to reoeire tli« ehtrge. The two knobi being direeUd towud the object on 
the tkble, one of thorn is oonneoted irith tlie oater coktlng ot the batterj, uid 
the other with the ianer bj means of the ditcharging rod A rioleiit shock 
Is the result, the oha^e puslng through the object. 

3S6. Cleotrlo DIsoharga. — The vxtrlc required to discliarge n 
Leyden jar, or batteiy, consumes a certain amount of force, whicb, 
on the principle of the conservation of energy, reappears when the 
discharge is made. This is manifested in a spark, or in the heat- 
ing action exhibited. The effects of the discharge are luminous, 
mechanical, pkyaiologkal, chemical, or moffnetic. 



The tunotiQt of work required to be done In order to overcome th« electrical 
force— Bttraoti on or repulsion— ia called the dtelrieal polentM. Thus, the poten- 
tial of a small metal sphere cliarged with positive electricitj at ui ioBnile dis- 
tance from a large Kpliere similarly cliarged, is irrv, and increases ns the distance 
diminishes, because this cannot be done without overcoming the repulsive force 
of the opposite electricities. The standard electrical potential is that of Ike 
earth, which is assumed to be zero. If the potential of a bodj is higher than 
that of the earth, it is B«d to be positive ; if lower, negative. When, generallf, 
a current ol electricity is flowing from one body to another, the former Is said to 
have a higher potential than the latter. 

The laminoJU effecU ot the electric discharf^e are of great variety. Tlie spark 
Is of different colors, according to the conducting bodies. Between two charcoal 
points it is yellow ; between two balls of silvered copper, green ; between knobs 
ot wood or ivory, it is crimson. In ur and in oxygen gas, it is white and lirill- 
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laut ; In nrelled tli and In hjdrogen, it ta reddish ; kod In a rMonm, it Ii violet. 
In nitrogen gM it U blue or porplfli xnd acoomponied bj a pecnliar aonud. 

Bnuk Ditdutrge. — When the electricity pMsea from 
the omidnotor in m nnintermpted flow, the light emitted 
■Bnmes the form of ft brush, or lamtnons cone, having its 
apex at tbs eondnotor. There is, also, ■ peculiar hissing 
sonnd, instead of the crackling of the spark. Its size and 
color depend npoo the nature and form of the conductor. 

The laminous effects in rareled air can be shown b/ 
means of an apparatus called the eketrie egg (Fig. 250), 
which consists of an egg-shaped glass vessel with a metal 
cap at each end, the lower one being fnrniahed with stop- 
cook, so that it may be screwed into an afr-pnmp, and the 
npper one moving up and down in a leather stufflng-box. 
When the vaouam Is formed, the npper cap is connected 
with the conductor of an elaotrical macbine, and as the 
electricity flows in, a violet light fills the glass vessel, 
which on the admission of the air changes to > brilliant 
white light 

The JuTninout tube (Fig. 266) Is a glass tabe aboul three 
feet in length, ronnd which are arranged in a spiral form 
a seriM of lotenge-shaped pieces of tin-foil, with very 
small spaces between them. The spiral is connected with 
the cap and brass hook at each end. When the tube is "*' ^"^ 

held in the hand and the hook presented to the conductor, a brilliant luminous 
appearance is presented. 

The iuminim* pane Is a sqnare of common glass on which Is flzed a narrow 
strip of tia-foil, in parallel folds. Spaces are out out of this to repreMnt any 
flgore, for example, a portico. The pane being Sxed between iosalated supports. 




Fig. Bfu 



and the upper part connected with the conductor, wliile the lower part connects 
with the, ground, a spark appears at each space In the tin-foil, and the figure is 
IHvaented in iDminoos flashes (Pig. 307). 

The heating ^vi» o( the electric discharge are shown in various ways. 
When It passes through alcohol or ether, it inflames them ; coal gas may be 
ignited by the elsotric spark \ and when a battery is discharged through an iron 
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or iteel wire, tlie latter bmomet hlghlj hsBtwd, lunneUmf* tnoK 

melted by a Ter; powerfal diKhuge. 

The meehanieal ^vSU are ihown In Uie Mtion of a discharge on badlj o^- 
ducting tnlMtanoei. Olata ii porfo- 
rat«d, wood and stones fraotnred, and 
BaliBtanoee of great lenaoitj torn to 
]deoes. The pertoration of glue 111*7 
bt! effected fo the following manner : 
Place tlie glass, A (Fig. 25S), la be 
pierced on a glaas Enpport containing 
a metal point. Kear the upper eoi^ 
face of the glaea arrange a second 
point, B, so that it ma; rvceive the 
charge from a Leaden jar or hatterjr, 
and the passage of the electricity 
from point to point will perforate the 
glass. 

FhtgtkiogkiA .^rt^Ai.— When the 

outer coating of a charged Leyden 

jar is grasped with one hand, and the 

knob connecting with the inner coat- 

"«•"'• ing is touched by tlie other, a shock 

is felt more or less violent according to the siie of the jar and tlie fnllness of the 

charge. A lai^e number of persons inair Blmullaueousl; receive the charge bf 

holding one another's hands, 

the person at one end tonch- 

Ing tlie outer coating, and 

tlie one at the other touching 

the knob. The AbbS NoUet, 

in this w>;, sent an electric 

charge througii an entire regi- 
ment of soldiers, all receiving 

a violeut shock In the arms 

and shoulders. With powei^ 

ful charges thB organic tissues 

are destroyed. Dr. Priestley 

killed rale with batteries 

having seven square feet of 

coaled surface, and cats with 

those of 4j square jards of 

coating. 

The r7«Htic<ii effn^ are 

shown in the decomposition 

and recomposition of sub- *''*■ 

stances. The electric discharge can be employed so as to decompose water, for 

example, as well as sulphuretted hydrogen and amtnonla. 
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The eteefriepittet affords another illnttrBUoiL A detonating mixture, of two 
parts of lijrdrogen and one of oxygen, is put Into a brass venol, D (Fig. 259), 
baring a glass tabe iu tlie side, into which fits a metal rod, having a knub at 
each end, A being the one outside. 
When A is held near a conductor, 
<t becomes negativel/ electrified by 
induction, while the inside knob ia 
positive! J electrified. Asparkpaaaes 
from each, that within causing the 
combination of the oxjgeu and hy- 
drogen, thuB forming water. This 
is converted into iteam by the heat 
produce^ and the oork closing the 
vessel is forced ont with an expio- Pii_ ^^ 

Xagaetie EtffeeU. — A steel wire, laid perpendicularly to the conducting wire, 
may be magnetized by the discharge of a large Leyden jar ; and a moderate dis- 
charge will magnetize a steel bar or needle when placed inside a tube on which 
is colled a fine Insulated copper wire. The electric current passing through this 
wire magnetizes the bar. The magnetic needle may also be defiected by the elec- 
tric cnrrent. 

357. It has been shown b; rerr delicate experimenta upon the 
electric spark that the diHcharge is aot instantaneous, but occupies 
an exoeedingl]' small portion of time. 

Such experiments have been made by the dlBtinguished electrician Wheat- 
Stone, by means of a rotating mirror; and the results showed that the duration 
of the spark was one twenty-four- thousandth part of a second. Other experi- 
ments with more delicate apparatus reduce this time considerably — to Iwtween 
33 and 46 teu-millionths of a second, depending upon the number of jars in the 

858. Velocity of Elaotrlclty. — Electricitj travels with a veloci^ 
somewhat gTeate»-thaa that of light 

Wheatstone's experiments resulted in showing a velocity of 288,000 miles in 
a second ; but this, if correct, ia true only of frictional electricity, tliat of dy- 
namical electricity being much less. The velocity of a current of electricity pass- 
ing through a wire without resislance, being like thai of a wave on a stretched 
string, has been ascertained by Kirchhoff to be about 193,000 milesaseoond, 'or 
a little greater than that of light iu a vacunm. 

Telegraph wires induce opposite electricities in the surrounding media, and 
thus give rise to a resistance which diminishes the velocity ; and In wires insu- 
lated in water, the velocity is less tlian iu air. The passage of a current through 
submarine telegraphic cables is, therefore, comparatively slow. 
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STNOPSIS FOB REVIEW. 

( I.— Phenomeka and Laws of Electrical Action. 

1. Nature of EtwtrieUiy, 
Origin of name. ---Simplest phenomena. 

2. ElKtro9cope». 

4. IntulaUon ar^ Inmd(UoT%. 

6. PotUke and Negatke EZeeMdtiy. — ^Vitreons and resinous elec- 
tricity. 

6. Theories: 

1. Dr. Franklin's. 

2. Symmer*8. 

7. Imw of Eleetrieal AUraetkm and Eeptilik^ 

8. IHatrAuHon of Electricity. — On what dependent 

9. Electric Density, — Where greatest 
10. Induction: 

1. Phenomena, and how shown. 

2. Effects— to what ascribed. — ^Polarity. 
8. Dielectric polarization. — Dielectrics. 
4. Communication of electricity at a distance. — Lightning 

and thunder. — Cause. 

II. — Electrical Apparatus. 

1. Qotdrkaf EleetroKope, 



Plate electrical machine. 
2. Electrical Machine : -j 2. Cylinder machine. 

( 8. Holtz's electrical machine. 
8. Electrometer, 
4. Electrical Experiments : 

1. Electric spark. 

2. Electrical chimes. 

8. Electrical whirl or vane. 

III. — AOCUMULATION AKD CONDENSATION. OF ELECTRICITT. 

1. Elertrophorue. 

2. Condenser, — Epinus's condenser. 

Discharging rod. 
8. Leyden Jar, 

Jar with movable coatings. 
4. Electric Battery. 
6. Electric Discharge, 

i 1. Brush discharge. 

1. Luminous effects : -< 2. Luminous tube. 

( 3. Luminous pane. 

2. Heating 
8. Mechanical 

4. Physiological }• effects. 

5. Chemical 

6. Magnetic j 

6. Electrical FiDtential. 

7. Duration ofthe Electric Spark* 

8. VdodtyofMectricity, 
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APPLICATION OP PRINCIPLES. 

Maonetisic. — 1. How art the phenomena of magnetiflxn explained ? 2. What change 
takes place in a body when it becomes a magnet ? 3. When a magnet is broken in 
halves, why does each half become a magnet ? 4. How is a piece of soft iron changed 
into a magnet ? 5. How are the magnetic curves rendered visible ? 6. What do these 
curves show ? 7. How may the law of magnetic attraction and repulsion be demon- 
strated by means of the torsion balance ? 8. Why is the horse-shoe battery best adapted 
to support a weight ? 9. Why do armatures preserve the strength of magnets ? 

10. What IB the effect of heat upon magnets ? 11. How may substances be magnet- 
ised ? 12w Why is the earth thought to be a magnet ? 13. Which is the north pole of the 
needle ? 14 What causes the declination of the magnetic needle ? 15. On what prin- 
ciple is the mariner's compass oonstmcted ? 16. What causes the inclination of the 
needle ? 17. On what principle is an astatic system oonstmcted f 18. What does a 
display of the aurora borealis indicate ? 19. Why is a relation supposed to exist be- 
tween magnetic storms on the earth and the spots on the sun's disc f 20. How can the 
north and south poles of a bar magnet be distinguished ? 21. Does the magnetic 
meridian ever coincide with the geographical meridian f 

Frictional Electricity.— 1. What is the use of the electric pendulum ? 2, What 
is the principle of its action ? 8. Why cannot a metallic rod held in the hand be elec- 
trified ? 4. Why is light produced in a glass tube when mercury is shaken in it ? 5. 
Why is a stick of sealing-wax nibbed at one end electrified only at that end ? 6. Why 
must substances used for insulation be rubbed perfectly dry ? 7. How can a brass tube 
be electrified by friction ? 8. How can it be shown that bodies similarly electrified 
repel each other? 9. How does the theory of two fluids explain electrical phenomena? 
10. With what should glass be rubbed to become positively electrified ? Why ? 

11. With what should ivory be rubbed to be positively electrified ? 12. Sulphur ? 
18. Why f 14. If a piece of cork and a piece of India rubber be rubbed together, what 
electricity will be developed in each ? 15. Why does loaf-sugar emit light when it is 
broken in the dark ? 16. Why does electricity accumulate on the outer surface of a 
body ? 17. When a sphere is electrified, how is the electricity distributed ? 18l How 
in the case of a cylinder ? 19. How in an ellipsoid ? 20. How, generally, in bodies of 
an unsymmetrical form ? 

21. How do sharp points or edges affect the flow of electricity ? 22. How is induc- 
tion caused ? 28. How does induction differ from conduction ? 24. What is dielectric 
polarisation? 25. What bodies are dielectrics? 26. How is the electric spark pro- 
duced ? 27. How are lightning and thunder caused ? 2$, What causes the return 
shock ? 29. On what principle is the gold-leaf electrometer constructed ? 80. What 
limits the production of electricity by the electrical machine ? 

3L How is electricity accumulated ? 32. Explain the action of the Leyden jar ? 
88. How it it discharged ? 84. What different effects are produced by an electric dls- 
chaxge ? 85. What is meant by electrical potential ? 86. What is the difference between 
a high and a low potential ? 37. In what manner may Leyden jars be connected so as 
to form a battery ? 38. What principles are applied in this ? 39. On what principle is 
the universal diuhargor based? 40. The luminous pane? 41. The electric pistol? 
42w How may glass be perforated by the electric discharge ? 43. How ma^ a steel wire 
or bar be magnetized by electricity ? 



CHAPTER X. 

GALVANIC OR DYNAMICAL ELECTRICITY. 
I.— GALVANIC OK VOLTAIC BATTERIES. 

369. Calvanle or dynamloai electricity is that which is pro- 
duced bj the chemical action of one substance upon another. It is 
also known as voltaic eleclricili/. The department of ph)-aics which 
treats of dynamical electricity is sometimes called galvanwm. 

It derives this name from OalvKni, a professor of knatomj In Bologn^ It*lyi 
n-lio flr«l observed tUe pheaomenou of chemical electric action, In 1790. While 



Investigating the physiological effects of etectricitj, lie noticed that irhen the 
bock nerves of a dead frog were connected, by a metal conductor, vith the mtuclea 
of the legs, the latter vere drawn up. The experiment is shown in Pig. 200. The 
ini'tal conductor is composed of zinc, Z, and copper, C, the zinc end being thrust 



GALVANIC OR DYNAMICAL ELECTRICITY. 919 

between the nfTres of tha Tertebrsl colnmii, while the capper end tenches one 
of the mnsclea of the leg, which at once is drawn into the position indicated. 
Golvani attributed the phenomenon to an electricity eiisting in the body of the 
animal, which he called the cHal fiuid, conceiving that it passed b/ the metat 
conductor from the nerves to the mnscles, and thus caused their contraction, the 
former being posilirelyjind the Utter uegatirel/ charged ; he observed that the 
tSect waa stronger when the conductor consisted of two metals than when of 

Oalvani'B theory was opposed by Alexander Volta, of Pavia, who asserted that 
(he phenomenon waa due to electricity in the nerres, but that the electricity was 
dliengnged by the contact of the two metals, the muscles and nerves only acting 
ai eondoclors, the former manifesting the charge as an electroscope. He also 
proved by CKperiment, with what was called the toliaie pile, thnt electricity is 
diiengaged by the contact of metals. This led to a noted controversy, which 
last«d for some time. 

860. The voltaic pile consieted of n eeries of discs of copper, 
zioQ, and wet cloth, arranged in saccessive layers in that order, so 
that, however many there might be, the loweet plate waa copper and 
the highest zinc. (See Fig. 262.) 

Thns each pair of metals in contact was separated from the next above it, by 
a pieoe of wet clotli, which also acted as ft conductor ; and all tended to produce 
a current of electricity in the same direction, the 
power of which became very great.* He also arranged 
a battery consisting of a connected series of cnpa, 
each DOUtAlning the tMtaic (wiph. 

361. The voltalo couple coneiets of two 
metals connected by metal wires, and partly 
immened in a conducting Uquid. This forms 
a simple galixmic circuit. 

Whan a plate of linc, Z (Fig. 261), and a plate of 
copper, C, are put into diluted sulphuric acid (oil of p. „. 

vitriol), no chemical action takes place, except that a 

few bubbles of hydrogen form on the surface of the linc ; but when the plates 
are brought into connection by means of Die wires, hydrogen is given off in a 
much increased quantity, not from llie ziue, but from the copper plate. Tlie 
copper if, however, nnchanged ; but the sine wastes away. When the wires are 



* Thui WM developed an apparently new Rpecies of electricity, eihibiting phenomena 
of a nonil and vary itriking character ; and capable of oontinuoni production, witbont 
special precautious to prevent its escape, as witb frictional electricity. Tbe applica- 
Uona of this tlyiiantirat /Urtrielly were found to be lo numerous and important, that it 
soon became, u it still i>, the principal sabjest of electrical iuTeiligatioD, the other Und 
of electdcity being of merely ■eoondary value. 
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wparftlri!, tho action ceases ; and when thej aro brought tt^ther in the dark, 
•n ulvctric spark Is observed, showing the passage of eleetricitj from one to the 
other. This is spoken of m a etirrtnt ; but it is not to be conceived that there 
ia any actual flow of matter, but only a moTument as of sound or light. 

The chemical action at the snrface of the zinc causes a supply of potntiTe 
eleotrlcity to tlie acid, and negative to the sine ; and these flow around to join 
each other through tlie circuit formed by the acid, the conducting copper and 
wire, and the lina. The positive thus flows from the copper toward the linc ; 
and this la considered the (firwdimi ^(^ currvnf. When the metals are not in 
contact, the couple is said to be open ; when they are connected, dosR/. 

362. For tbe production of a voltaic curreat, it is only necessary 
tbat the chemical nctiou upon one of the metals 
should be greater than upon the other. The 
metal which is most acted upon is called the 
posilive or generating plate, and the other the 
negative or collecting plaie. The force bj which 
electricity is produced in the voltaic circuit is 
called eleclro-molive force. 

The current Bows iu tlie liquid from the positive, Z, 
to llie negative plate C ; and out of It, through the con- 
necting wire, from negative, C, to positive, Z (Fig. 280) ; 
but, as already stated. It is the passage of the jMw'A're 
tieetririty that constitutes the current 

The direction of tbe carrent depends on the metals 
that are associated. In the following list, called an dec- 
tro-motiTt »rrir», when any two are placed together in 
dilute acid, the current passes from the lower to the 
higher: 1. Zinc; 2. Cadmium; S. Tin; 4. Lead; 5. 
Iron; 6, Kickel ; 7. Bismuth ; 8. Antimony; 9. Cop- 
ier; 10. Siller; 11. Gold; 12. Platinum; 13. Graphite. 
Tlius iron is electro-positive toward copper, but electro- 
negative toward zinc ; and copper is negative toward 
iron and liuc, but positive toward gold, silver, and 
platinum. 

Tlie dirertion of the current alsn depends on the 
Fig. MS. nature of llie liquid. Thus, in dilute sulphuric acid, 

load is positive toward antimony ; but iu a solution of caustic potash, the reverse 
is the case. 

A metal which is acted upon by a liquid is protected from chemical action by 
placing in contact with It one that is electro-positive toward it, thus causing a 
simple voltaic circuit Sir Humphry Davy proposed to protect tbe copper 
sheathing oF vessels from the action of the sen water by connecting zinc or iron 
with the copper. He found that a piece of zinc no larger thau a nail would be 
aufficieut to protect a surface of 40 or 50 square inches. 
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363. A voltalo battery consists of a connected series of voltaic 
elements, or couples, so amuiged ns to act together, like the Lejden 
jara of an electric batt«i7 {Art. 355). 

The enrlieat of these was the Toltak pilf. (Art. 360). ThU ia represwntecl in 
Fig. 262. Tlic digcfl of copper and lino are separated by pieces ot clolli wet witli 
acidulated watiT, and kept in poaitioii bj glass rods. It thus consiBta of a num- 
ber of voltaic couples. This form of battery was soon found to be too iuconTen- 
ieut for tise, and is now abandoned. The earliest modification was the eroan 
ofcupt, also invented by Volta. Of this WvU<i*ton'» baU^ry (Fig. 263) is an im- 
proved form. Tlie plates Z are thick rolled zinc, the pltites C are thin sheet 
copper, bent so as to encomptuss the zino plates without contact, which is pre- 
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vented by small pieces of cork. The zino and copper are connected into a 
ooaple by a copper strip, o\ and the conples are connected. The sixteen couples 
are united in two aeries, and are all fixed to a frame of wood by which they can 
be raised or lowered, the couples being lifted from the lic^uid when not in use. 
Elach separate couple with ils containing vessel is sometimes called a ceU. 

364. The poles of a voltaic battery are the points at which ytofo.- 
tive and De>^tiTc electi-i cities respectively tend to accumulate. They 
are often called electrodes. 

The term d/vlrode is derived from the Greek words dertron and olot, a way ; 
since the poles, or electrodes, are the ways through which the electricities pass. 
The positive electrode is at the negative plate, aud the uegative electrode at the 
positive plale. 

365. A constant battery is one in which the voltaic current 



contmueB without cliange for a conaideiable period of time. In 
such batteries two liquids ore used. 

Wboo ■ liugle liquid is uB«d, tlie current becomes feeble, because tbe nega- 
tive plate becomiis puluiiud b; the doiHWition of h7drogen on its aurlace. This 
ia prevented by using a eecoad liquid which acts chemically ou tbe depo»it«d 
liydrogen. 

DaaidTt battery, invented in 183G, was the first of this kind. A aingle cell, 
or element, of it is represented in Fig. 2114. A glass or porcelain vessel, V, con- 
tains a solution of the sulphate of copper (blue 
vitriol], and in this is placed a perforated copper 
cylinder, Q, open at both ends, at the upper part 
of which there is a rim or shelf, also perforated, in 
which is placed a supply of tlie copper sulphate, so 
as to keep the liquid constantly saturated. Inside 
the cylinder is a porous vessel, P, of unglaied 
earthenware, which contains dilute sulphuric acid 
or a solution of sulphate of liuc ; and in this is 
placed a cylinder of line, Z. The elements are 
connected in the battery by two strips of copper, p 

The action ia as follows : Tlie hydrogen set free 
by tlie action of the dilate acid on the line, collects 
on the surface of tlie copper ; but meeting the cop- 
per sulphate, it reduces it,' forming sulphuric acid 
and copper, the latter of wliicii is deposited on the copper plate, while the former 
passes tbrougli the porous cylinder, and thus serves to keep up a supply of sul- 
phuric acid to act on the tine. Were there not a constant supply of the sulphate, 
the hydrogen would accumulate on the copper plate, and stop the current. This 
form of battery produces a constant current for several hours. 

In tlia UHlbalU-ry, a modilicationof the Daniell battery, the porous cap is dis- 
pensed with, the copper being placed in the bottom of the jar, and the liuc stu^ 
pended from the top. A solution of the sulphate of copper is at the bottom, and 
a sulphate of zinc solution at the top of the vuesul, being kept in position by 
their different speciBc gravities. Hence such a battery is called a gravity batUry. 
The Callaiid ulument ia similar in conHtructiun to thu Hill battery. 

In the Orore buttery the poroui cup contains strong nitric acid (squa fortis) 
instead of sulphate of copper, and platinum takes the place of copper. The 
hydrogen unites with the oxygen in tlie nitric acid, forming water (osjgen and 
hydrogen] and nitrous oxide, which Is diKiolved, or passes off in nitrous fumes- 
It is a powerful battery, but made expensive by the platinum. 

Tftiimen't atrbon battery, invented in 1843, is a flrove buttery, in which a 
cylinder of carbon is used instead of plntiuum. Tlie four psrts of the battery, 
separate and in combination, are shown in Fig. au."). F is the vessel, of glass or 
stoneware, containing dilute sulphuric acid ; Z, a hotlow cylinder of lino ; V, a 
porous vessel, containing nitric acid ; C, a stick of carljon —usually prepared bj 
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mlxliig powdured coke and bituminooi coal, and pressing the poirder In & mold. 
To the carbon is fixud a Lindiug screir, ni, to vhioh is attached a copper wire, 
forming the positive pole ; and the zinc hag a similar one forming the negative 
pole. The elements are connected into a batterj, P. 

In Smee'i Imttery, which cansiata of a sheet ut platinum between two plates 
of line, tLe collection of hydrogen on the negative platinum plate is prevented 
bj roughening the surface of the platinum. Instead of platiunm, silver oovered 
with particivs of platinum is frequeutly used. Only one liquid —dilute snlphn- 
ric acid — is required in thifl batterj. 



Fig. sac 

Many other forms of the voltaic couple have been devised, each having some 
specific advantages for particular purposes. 

Batteries differ in the gjiant^ as well as the inlen^y of the electricity de- 
veloped by them. The former depends on the toe, the latter on the niiinlier, of 
celts forming the battery. By connecting the copper plates and the zinc plates 
we get the effect of one large cell, producing a large quautity of electricity ; but 
by connecting the zinc plate of one cell with the copper plate of the next, we 
produce intensity. 

n.-EFFBcrra anb uses op the voltaic cuebbnt. 

366. Phyalologloal EfTeots. — The mfluence of a voltaic cuireDt 
upon animal tiseues la very remarkable. It gives activity to the 
nerree, causing the musclea with which tliey are connected to con- 
tract ; or, when it acts upon the nerves of feeling, causiDg pain ; or 
Tarious sensations, ae of light, taste, etc., when acting od the nerves 
of special sense. 

367. Heating EfTeots. — The voltaic current acts like the dis- 
charge of an electric hattery in passing through a metal wire, heating 
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it, sometimes to incandescence. With a powerful voltaic battery, all 
metals may be melted, even the most infusible, such as platinum. 

Carbon is the only element which has not been melted by the voltaic cnrrent. 
A battery of 30 to 40 Bunsen's elements is sufficient to melt and volatilize fine 
wires of lead, tin, zinc, copper, gold, silver, iron, and even platinnm. Iron and 
platinum burn with a brilliant wliite light ; lead burns with a purple light ; tin 
and gold, with a bluish white ; copper and silver, with a green light. These ef- 
fects depend on the intensity of the current, and therefore are determined by 
the size of the cells, not the number. 

368. Luminous Effects. — When the electrodes of a powerful 
voltaic battery are brought very near together, a succession of brill- 
iant sparks passes across 
the interval, producing a 
continuous light. This 
is the electric light. 

When two pencils of char- 
coal are connected with the 
electrodes, as shown in Fig. 
266, a beautiful effect is pro- 
duced, the light assuming the 
form of a luminous curve, 
which is called the voltnie arc. 
It varies with the force of the 
current, and with a battery 
of sufficient power may ex- 
ceed two inches in length. 
In a vacuum it is longer than 
in air. Its color and form 
vary with the conductors. 
Charcoal is one of the bodies 
which give the largest lumi- 
nous arc. 

Sir Humphry Davy's experiments with the electric light, in 1801, were made 
with a battery of 2,000 \)lates, each four inches square. The carbon points used 
were of light wood charcoal, heated to redness and immersed in mercury, which 
penetrating the pores of the charcoal increased its conducting power. All sub- 
stances became incandescent when placed in the voltaic arc of this battery. 
Platinum melted like wax in the flame of a candle ; and even the hardest sub- 
stances, such as sapphire and the diamond, were fused. 

To prevent the decomposition of the charcoal by the oxygen of the air, these 
processes were effected in a vacuum ; but the necessity of this is avoided by 
using gas graphite — a kind of carbon deposited in gas retorts, which is liard and 
compact, and burns very slowly in air. 

FoueavlCa experiment consists in projecting on a screen, by means of a photo* 




Fig. 9G6. 
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eleetrio microscope,* tlie image of the charcoal points, when the eleetrio light la 
formed (Fig. 387). The microscope is fixed lo a brass boi, within wliich are two 
charcoal points, Beparated by a short space exactly on the axis ot the leoEes. The 
electricity from a powerful battery reaches the poiats by means of copper wires ; 
and the luminous arc produced is projected on the wreen. The charcoal points 
can be easily seen ; and the positive one is observed to become hollow and re- 
duced in length, while the other increases, showing that matter is carried from 
the positive to the negative electrode. 



Fig. wr. 

To render the electric light steady, a regnlating apparatus is required lo keep 
the distance between the carbon points uniform, by gradually bringing them to- 
gether as they wear away. This is effected by means of contrivances of varions 
kinds ; and electric lamps are now constructed which can be employed for ordi- 
nary illuminotingpurposcs. The advantages of the electric light over gas are the 
purity of its color, its great power and intensity, the absence of carbonic acid, 
since there is no consumptiou of the oxvgeu of the air, and its freedom from un- 
pleasant odors. Besides it ia cheaper, when the qaantity of light is considered. 

369. .The ohemiaal effeots of the voltaic current ore of a veij 
interesting and important character, particularly in the decomposi- 
tion of chemical compounds. 

The first decomposition effected by means of the battery was that of water, In 
1800, by Carlisle and Kicholsou, using a voltaic pile. By the apparatus called 

'The phot«-electrio microscope is the name ai a solar mioroscope (Art. 396), except 
that the eleotric light !■ used instead of the solar light, to which it ii preferable on ac- 
coont of its inteiuity, ateadiaeaa, uul tlie rcadinesa with which it can be produced at 
aajr time. 

10 



ft rotameter, represented in Fig. 268, this oftu be eouTenientlj «eoompHshed. 
In the glasB Teasel contalulug water, mixed with some snlphnria mctd to make it 
a better coodnctor, two platinam 
electrodes, A and », are fixed. Two 
glau tubes filied with water are in- 
verted over the electrodes, and when 
the current passes, bubbles of gas rise 
from the surface of each pole, and 
enter the inverted tubes. One of 
these is foaad to be oxygen, the other 
bjdrogen, the former being about 
double the latter. Water maj be 

analysed by this process. ■ — . — - ~ ' 

870. Electrolyais is the de- Fig.ses. 

compositioii of a chemical compound by means of the voltaic current. 
The body resolved into its elements in this way is called an eieclro- 
lyle, and is sometimes said to be electrolyzed. 

These terms are those used by the great Englisli chemist Faraday. Several 
■ub«tanoes supposed to be elementary luve been shown to be compounds by 
means ot the voltaic current Davy decomposed the alkalies potass and soda, 
and discovered them to be oxides of the metals potassium and sodium, by means 
of a battery of 250 couples. 

Electrolysis cannot take place unless the electrolyte be a good conductor. On 
this account, ice cannot be decomposed by the battery, since it Is a bad conduct- 
or. Metallic bodies are only decomposed wlien in a melted stale. 

371. Eleotrotypy is a process by which, through electrolysis, 
metallic substances can be deposited on the aurbce of molds, type, 
engraved plates, seals, wood-cuts, metals, etc., bo as to obtain an 
exact copy of the object in metal. 

The art of dKiro-mtt/iUnrgy, as it is called, was discovered independently by 
Thomas Spencer, in England, and by Professor Jacobi, in St. Petersburg, the 
invention being announced in 1839; although the germ of i t may be traced to 
the experiments of Wolloston, Davy, and others of an earlier date. It may prop- 
erly be regarded as a direct offalioot ot the invenlion of Daniell's cell, in 1836. 

The process consists in making a mold, in gutta-percha or wax, of the object 
to bo copied, then covering its surface wllli some conducting material, as pow- 
dered graphite (plnmbi^o, or black lead), and connecting it with the negative elec- 
trodes of a constant battery —Dani ell 'a or Bmee's, for example. 

The moat convenient arranfri'menl for producing an electro-deposit of copper 
consiata of a trough of glaiw, alate, or wood, lined with India rubber or coated with 
marine glue (Fig. 369). This contains an acid solution of the sulphate of copper, 
and across it are stretched copper rods, B and D, connected with the negative and 
poeilive poles or (he battery. The molds m are suspended in the liquid from 
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th« negatire rod B; and a alie«t of copper, C, ia suspended from the poaitW« 
rod D, at the difitance of about two inches, opposite tliem. The copper plate 
keepg the solution at the same tnetallio strensth; since the acid set free at the 
positive pole dissolres the copper, which supplies the place of that liberated at 
the D^atiTe pole, and deposited ou the surface of the mold. Aftijr a sufflcieut 
quanUtj is deposited, It can be easily detached from the surface, oud is then 
found to eouUin a perfect impression of the surface to be copied. 



372. Eleotro-plating, a branch of electro-metallurgy, is the proc- 
esB of coatiiig substances with gold or silver, by means of the vol- 
taic current. 

In ^eetro-gilding, the substouces to be plated are thoronglil; cleaned, and 
then immersed in a hath containing a solution of gold, having been previously 
connected with the negative pole of a battery, to the positive pole of whieb a 
piece of gold Is attached. This process can be used In plating silver, bronie, 
Oenuan-silver, brass, and copper ; but iron, steel, zinc, tin, and lead ore difficult 
to gild well. Usually they are first coated with copper, by means of the battery 
and a bath of capper sulphate, aud are then gilded. 

In dfCtnt-tSrering, the process is the some except that the bath contains silver 
instead of gold, and a piece of silver is connected with the positive electrode. 

TXii tttding at engraved copper plates Is one of the most valuable applica- 
tions of the electric deposit of metals by the bath. For this purpose tiie bath 
contains a solution of sal-ammoniac ; a sheet of iron is suspended in it, connected 
with the positive pole, and a Ihin strip of iron connected with tlie negative pole. 
Iron from the large plate is dissolved in the sal-ammoniac ; and when the solu- 
Uon contains enongh iron, the copper ptate is substituted for the thin strip. A 
very thin deposit of iron forms on the plate in a short lime, giving it the ap- 
pearance of a polished s'eel plate, the only difference in the surface being the 
hardness given to it ; so that a great number of perfect impressious can be taken 
from it. When the coating of iron portly wears off, it can alt be removed by 
dilute nitric acid, and the plate covered with another deposit 




III.— ELBCTRO-MAGNBTISM. 

373. Elootro-m»gnetl«nfi treats of the magnetic effects of tlie 
voltaic curreni 

The diBCoverj bj OBraUjd, In 1810, of the directive notion excited bj- the 
voltaio current OD a magnetic needl«, 
became, by the resewchea of Ampire 
and Farada,v, the Morce of a new branch 
of pbfBics. This action ma; be ahown 
b; the following experiment: Let a cop- 
per wire, a N (Fig. 270), be suspended 
hoiiiontall; over a movable magnetic 
needle, a b, and parallel with it. When 
the current passea through tlie wire, aa 
indicated, the direction of the needle 
will be changed ; and tlie stronger the 
"«■ ""■ current, the greater will be the deflection. 

When the current paaaea above the needle aud from aouth to north, the north 

pole of the needle tuma to the west ; but when It passes below the needle and 

from aouth to north, the dedectlon 

Is toward the east. A change in 

the direction of the current, or in 

the position of the needle, re- 

vorses the deflection. 

374. The galvanomater 
ia an instrtunent for ascer- 
taining the presence of a vol- 
taic current, and measuring 
its force and direction. 

The apparatus is represented 
in Fig. 2H. It consiats of a thick 
brass plate, D, ruHting on levfiling 
screws ; and on this is a rotating 
plate, P, of the same metal, to 
which is fixed a copper frame; 
and on the latter Is a coil of insu- 
lated wire. Above the frame is a 
gradualeil circle, C, with a cen- 
tral atit parallel to the coil. By 
means of a fine silk thread an 
aalatio system (Art. 339) is snft- 
pended, one of the needles, a b, 
being above the scale, the other, pij. STl. 
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a', within the circuit. The ptats P being turned bo u to bring th« i«ro>point In 
the Bctle, which is at thu stit, in the magnetic meridian, tlie deQectlan of tha 
needle shows the existence of the anrrent, and its intensit; and dlreation, accord- 
ing to the law explained in Art. 373. There are BcTeral different forms of the 
galvanometer. 

Ohm't Lair. — Tlie laws governing voltaic oarrents were carefullj investigated 
by Ohm, a German phyalolst He discovered the celebrated law which bears his 
name : " The strength of a voltaic current ia equal to the electro-motive force 
divided by the resistance." 

The resistance to the passage of a current depends on tbe length and thick- 
ness of the conductor, as well as the conducting quality of the material of which 
It is composed ; and the strength of the current is inveraely proportional to the 



376. Eleotro-dyn amies. — That department of the subject wMcb 
treats of the action of electric currents upon magnets and upon each 
other, is called electro^i/namica ; while that branch of physics which 
explains the laws of electricity in a state of rest is called electro- 
statics. 

376. The fundamental law of electro-dynamics is : Two parallel 
currents in the same direction attract each other ; but in contrary 
directions they repel each other. 

377. Magnets act upon currents when the former are fiied and 
the latter movable, or the r 



In the experiment illustrated by Fig. 369, the magnetic needle, which ia 
movable, is deflected by the flxed current ; but in Fig. 272 this Is reversed. Tho 
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circuit which the onirent trftrenea ts movable *t A and B ; ftnd when tlie ptnrer- 
fnl bar magnet ia placed in its loirer braneh, the circuit begins to tnra, stopping 
af(«r some osoilUtiona in a plane perpendicular to the axis of the magnet 

376. Electro-magnets. — A bar of iron placed withio a coil of in- 
sulated wire tlirough which an electnc current ia passing, is rendered 



strongly magnetic, but loses its magnetiBm the instant the current 
ceases. MagneU formed in this manner are called ^ectro-magnels. 

Frictlonal electricity can be med for magnetizing (Art. 356), but the steadj 
Toltalc current ia most effective tor this purpose. If a spiral orhelli be formed by 
coiling an Insulated copper vjre, as shown in Fig. 2T3 ; aud if an unmagnetiied 
bar, ab, he placed n-ithin it, tlie polarity of the bar while the current is paea- 
ing may easily be shown. In s right- 
handed hetix (Fig. 273), that is, one In 
which the direction of the coils is from 
left to right— like a common screw^the 
north pole is at the end at which the 
current passes out ; in a left-handed 
helix, the rererse Is the case. If a per- 
son intone himself swimmiDg in the 
direction of the current, and looking at 
tlie axis of the spiral, the north pole 
will always be on the left; and whether 
the helix be right-handed or left- 
handed, if tlie end facing the observer 
has the current flowing in the direction 
of the hands of a watch, it Is a mulh 
pole. By reversing the direction of the 
current we changa the poles of the 
magnet. 

Electro-magnets liavc the horse-shoe 
form (Fig. 3T4), a copper wire covered 
with ^Ik or cotton, being wound several 
times aronnd them on the two branches 
A and B, In order that the two ends 
may be opposite poles, the wire must 
be wound in such a way that, If the 
horse-shoe were straightened out, the coil would be in the same direction 
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throughout. 

When the current passes thiOQgh the helix, the armature is instantly drawn 
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to the magnet ; and the connection as instantly ceases, when the cnrront is 
broken. This is one of the most useful properties possessed by the electro-magnet. 

The iron used for the electro-magnet must be pure, and made as soft as pos- 
sible by being heated and cooled several times. A bundle of soft iron wires loses 
its magnetism more rapidly than a massive bar of the same size. 

When a rod of soft iron is magnetized by a strong electric current, it emits a 
very distinct sound, at the moment of closing or opening the current This is 
attributed to a vibratory motion of the molecules of iron, caused by their becom- 
ing successively magnetized or demagnetized. 

The magnetization of an iron bar does not cliange its volume, but it dimin- 
ishes slightly its thickness, and proportionally increases its length. 

379. Electric Telegraph. — ^The electric telegraph is on appara- 
tus by the use of which signals may be transmitted to a place at a 
great distance by means of a voltaic current. The two stations are 
connected by a single wire, the earth acting as the return conductor. 

Besides being less expensive, the single wire is more effective ; because the 
additional resistance of a return wire would be considerable, while the action of 
the earth causes none. It dissipates the electricity, instead of returning the same 
current to the battery. 

It was proposed as early as the end of the last century to transmit signals to 
distant places by means of electricity. In 1811, a telegraph was invented in 
which the decomposition of water was employed to produce the signals. In 1834, 
an electro-magnetic telegraph was constructed, in which the current produced 
oscillations in a magnetized bar, which were observed with a telescope ; and in 
this way intelligence was transmitted through a distance of more than a mile. In 
1837, Steinheil in Munich and Wheatstone in London constructed telegraphs in 
which several wires were used, each acting on a single needle. * In the latter 
year, Steinheil discovered that the earth supplied the place of the return wire. 
Morse's telegraph, the simplest and the most general in use, was first exhibited in 
public in the city of New York, in 1837, and was first used May 27, 1844, between 
Washington and Baltimore. It is a writing idegraph^ making its own record of 
the signals. 

380. Morse's telegraph is constructed on the principle that an 
electro-magnet can be instantly made and unmade by closing or 
breaking the voltaic circuit. It consists of three parts : the indicator, 
the communicator^ and the relayy besides the metallic wire connection 
between the stations. 

The indicator or register is represented in Fig. 275. The current enters by 
the wire C, and passes into an electro-magnet, E, which, the instant the circuit 
is closed, attracts the armature A, and this acts upon a lever which moves on the 



* The first telegraphs conatmcted for comroeroial use were laid down by Wheatstone 
and Cooke, on the London and Birmingham and the Great Western railways. Their 
ezpeniiveness soon led to their abandomnent. 
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kxU f, the lever being r^sed bj a spHng, r, u soon u the clronlt Is broken. At 
the other end of the lever, » pencil recorda the aignkU upon a strip of p*per, 
pp, rolled round the drum B, from which it is rolled on the second dram Q. 
The pAper being set in motion, the point Indents it, the shape of the mti-k de- 



pending on the time during irhlch the point rests on the psper — lieing soioetimea 
only B dot or » short stroke, uid sometimes a dash. The eombinations of short 
and long strokes constitute the Horse or dot and dash alphabet, which Is now 
universally employed for telegraphic writing. It is given below. 

MOBBE^B AUHABBT. 



I - - a - - . ft- - - - 

The tianght (0) Is a long dash { ). A space Is left between the letter^ 

and a longer one between the words. There are signs also for the punctuation 
marks. Telegraph operators soon become so familiar with the sounds, that they 
are able to read the message without any recording apparatus, using onlj' what is 
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nailed a founder, which U >n lostrumeiit coiuisting of » amoll electro-magnut and 
ui ann>tiire, that produces a sharp click wheu Ihu armaturo strikmi agaiuiit the 
magnet. 

The eommunieator, or keg, consiBls of a small maliogany base, which acts as 
a support for a metatlfc lever, a h (Fig. 270), moving on an axis, Tlie extremity 



a of the lever ia kept up hy a spring, and is forced down by pressing on the key 
B, striking on the button i. There are three binding screws cunneoted with 
the wire* — P coming from the positive pole of tlio battery, L tlie line wire, and A 
connected with the indicator. 

When a measage ia to be received, the current arriving by L passes to the 
metallic piece m, and thencu to the indicator by A. When a mesaage is to be 
transmitted, the key B is pressed, so as to bring tlie lever down on z, and close 
the circuit. The current coming from P, passes through in, and thence along L to 
the distant station. According to the time the key B is pressed, a short or long 
stroke is produced in the indicator. 



The rday is an aniiliar; electro-magnet, uaed In connection with a local bat- 
tery to fumiah tlie power needed to write the signals, when, owing to the dia- 
tance traveled, the primary current is too much weakened to do this. A relay 
iastroineDt is represented in Fig. 377. The current enters at L, passes into the 
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electro-magnet B, and thence Into the earth at T. This cnrrent canfios the arma- 
ture A to be attracted, which acts on the lever p^ and this pressing upon the 
batton n, allows the current from a local batter/ which enters at e, and ascends the 
column my to pass into the lever p, whence it descends bj the rod o, bj which 
it is transmitted to the screw Z ; thence it enters the electro-magnet of the in- 
dicator, and emerges by the wire Z, returning to the local battery. The spring r 
serves to draw the lever p from the button, when the electro-magnet ceases to 
act. As the oscillations of the lever are caused by the manipulations of the local 
battery, all the signals are exactly transmitted by the relay. 

When the current of the main circuit is strong enough to dispense with the 
local circuit and sounder, the relay is used as a sounder, more play being given 
to its lever so as to increase the click. Quite often a main Une 90under is em- 
ployed, and various devices are resorted to in order to increase the sound, when 
the main line current is too feeble. 

A general battery of 25 Daiiiell's elements produces a current strong enough 
to work a relay at a distance of at least 90 miles ; but for a longer distance a new 
current must be taken. This is effected by still another battery, called a posUd 
battery^ or rej^ater. The current from this enters by a special wire, and, when the 
armature A (Fig. 275) sinks, is carried by a contact through another wire, to the 
wire of the line, which carries it to the next post. 

The galvanometer, G, is used to show that the current is passing ; from this 
the current goes to the communicator, at L (Fig. 270), whence it passes to A, and 
goes to the relay (Fig. 277), which it enters at L, working the electro-magnet, 
and thus forming the connection with the local battery to mark the signals. 

While the telegraph office is closed, or during a severe electric storm, it Is 
necessary to disconnect the instruments from the line. This is accomplished by 
what is called a cut-out^ which is a contrivance to complete the circuit, leaving 
the instrument outside of it, or cut out. 

The lightning arresf^'r is intended to prevent the injurious effects of atmos- 
pheric electricity, a great discharge of which would be apt to burn the fine wire 
coils of the relay magnet. By means of the arrester, the atmospheric electricity 
entering the office by the line wires is conducted to the ground wire, and thence 
to the ground. It is of various forms ; but the principle of its construction is, 
that atmospheric electricity, being of a great intensity, will leap over a slight 
break in the conductor, and pass to the ground, while the feebler galvanic current 
is confined to the wire. 

Oowper'8 writing telegrajth reproduces at a distance a fac-simile of a person's 
handwriting. 

381. The electric alarm is an apparatus for calliiig attention 
at a distance by means of an electric current. 

Fig. 278 represents one form of such an instrument. E is an electro-magnet 
fixed vertically to a board. The line wire connects with one end of the wire of 
the magnet at in ; the other end of the magnetic wire is connected with a spring, 
r, to which is attached the armature a. This is pressed by a spring, 0, which 
connects' with a wire that is joined at n to the wire leading to the earth. When 
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tli« circuit ts closed, the Bnnature mores the hunmer P, which strikeB igunit 

tlie bell T. This breaks (lie circuit, &nd tlie magnet ceases to ikct ; but the 

spring e now brings the M-m«ture in contact 

with the other spring, C, and the clnmlt is 

again closed, thus cansing tlie betl to riiig again. 

In this way a continuous alLtrni is kept ap as 

long aa the current Hews in at m. 

382. Electro- motor*, or eleotro- 
magnetic engine*, aie macbines in 
which the motive power is supplied by 
electro-magnets, causing alternate more- 
ments in their armatures, as in the Morse 
telegraph ; or on the principle that a 
change in the direction of the current 
reverses the poles of the magnet. 

The fii>^ engine of this kind was invented 
by Prof. Henry, of Washington, in 1831. A 
large electro- magnetic engine was constructed 
at St. Petersburg, in 18.34 ; and one con- 
structed by Prof. Page, of Washington, at the p,^ ^^ 
Government's expense, had sufficient power to 

propel a railroad car with considerable speed. There have been many attempts 
to make such engines available for the general purposes of machinery, hut with 
only partial success on account of the expensivenens of the battery required to 
produce the current. The cost of the acids and the zinc which they use Is much 
greater than tliat of llie fuel required for steam-engines of the same capacity. 

rV.— VOLTAIC INDUCTION. MAGNETO-ELECTRICITY. 

363. Induced currents are those which are produced in metal- 
lic conductors through the influence of currents passing through 
other conductors, or by the influence of powerful magnets ; and 

sometimes by the magnetic action of the earth. 

This is annlogona to electrical Induction (Art. 940); and can be shown by 
winding a quantity of insulated (silk-covered) copper wire upon a cylinder of 
wood, B {Fig. 279], and upon this winding a greater length of flne copper wire 
also insulated in the same way. The outer wire, called the lecoiiilaTy eail, is 
connected, by the binding screws a and A, with wires which pass to a galvanom- 
eter, ; and the inuer wire, or primnry aiil, is connected with e and d, form- 
ing a voltaic circuit with a battery. Thus the voltaic current passes through the 
primary coil alone, and its induced effect on the secondary coil is shown by the 
galvanometer, which is connected only with that coil. 

It of the needle shows that, at the instant the circuit is closed. 
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that Is, ItntDodiatoljr the corrent b^na to paaa throngb the thick win, there fi 
Induced in the secondar; coil a current ia tlie opposite direction. The effe<^ is 
only inBt&ntanHous, tlie needle immediately returning to zero, Uld continuing at 
rest an long as the current is passing ; but the instant the circuit is broken, an 
induced current is shown in tbe secondary wire, but Iheu in the a 
as tbe inducing current. 



rig. tn. 

384 The law of voltale Induction ma; be thus briefly stated : A 
current, at the moment the circuit is closed, produces in on adjacent 
conductor an inverse current ; and, at the moment it is broken, a 
direct current ; but while the distance between the conductors re- 
main unchanged, a constant cqrrent does not produce this effect. 

To this it may be added, a current which is removed, or whose intensity is 
diminished, induces a dirfct etirrenl; but a current which is approached, or 
whose intensity ia increased, induces an inrxr^e ettrrent. 

385. Induced currents are also produced in metallic conductors 
by the action of a magnei 

This was shown by Faraday by means of a coil at wire SOO or 300 yards in 
length. The experiment is as follows: Tlie two ends of the wire being con- 
nected with a galvanometer, a strongly magnetiied bar ia suddenly inserted 
within tbe coil (Fig. 280). The induced current is thus rendered apparent The 
induction can also be shown by placing a bar of soft iron within the coil, and 
suddenly bringing a powerful magnet in contact with it, the induction being then 
produced by the magnetization of tbe soft iron bar by means of the permanent 
magnet. 

A similar efFecl is produced by rapidly rotating a magnet in front of an oleo- 
tro-nu^;nel, in such a way as to cause tbe pules to act in succession on the branohes 
of tbe electro-mi^net, thns inducing a current in its wires. Also when a plate 
of soft iron Is passed rapidly iu front of the poles of an electro-msf^et, the iron 
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beeoming a tniignet induoes currents in the wire altematel; in different direct 

Terrestriftl mitgnetism sets, in its inducing influence, m if a poirerful magnet 
were placed in tlie interior of tlie eartb, in the direction of the dipping needte. 
TblB WM discovered bj Faraday, who demonstrtted the fact b; placing a long 
hulix of insulated copper wire in tlie plane of the mimetic meridian parallel to 



the dipping needle. Then, by turning the helix half round on an axis passing 
through its middle, and perpendicular to its length, it was seen that the needle 
of the galvanometer wae deflected at everj' tarn. 

386. Induced currents have all the properties of ordinary cur- 
rents, producing Btroug luminous, calorific, chemical, and physio- 
logical effects, and causing other induced currents. 

Tlie; act on the maguetio needle, and magnetize steel bars when passing 
through a wire coiled around the bars ; and tliey, moreover, produce a shock 
like that from accumulated electricity. In some of tliese effects, there is con- 
siderable difference between the direct and the iuvetBe current. For example, 
the former magnetizes corapletelj-, while the latter does not magnetize at all. 

367. Magneto-eleotrlolty. — Electricity induced by the action of 
magnets is called magneto-electricity. Its production is due to the 
principle of magneto-electrical induction discovered by Faraday, in 
1831, by the operation of which electric currents are produced in 
conductors when they are moved in a magnetic field (Art 320). 

To generate an electric current the conductor must be moved rapidly acrois 
the lines of magnetic force. This causes an electro-motive current iu the con- 
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doctor. In & direction at riglit angles to its motion, and bating an intenrit^ pro- 
portionate to the number ot lines of force cut in a giren nnit of time. It de- 
pends, therefore, on tbe extent and intensity of the magnetie field, and the relocltj 
witk wbicb tlie conductor ia moved in it. 

388. A dynamo-eleotrio machine, or dynamo, is a machine the 
object of which is to convert mechaoical enei^ into that of electric 
currents, or electric energy into mechanical force, by rotating con- 
ductors in the form of coils of wire in a magnetic fieM. 

Wben a pfrmaneut magnet, or magnetic battery, ts used to supplj the maf;- 
netic field, tbe machine is sometimes called a magneto-electric machine ; bat in 
priuctple there is no difference between the two kinds of machines. 



Fig. S81. 

Clarke's magneto-electric machine was constructed to produce an unint^^r- 
nipted series ot electric sparks by means of magnetism. It is shown in Pig. 
281. A powerful liorse-shoe magnetic battery, A, is flied against a wooden sup- 
port, and in front of it are two coils, B and B , movable round a horizontal axis. 
The coils are formed of insulated wire wound around cylinders of soft iron, 
joined at one end by a plate ot soft iron, V, and at the other bj a similar plate of 
brass. These two plates are fixed on a cojiper axis, upon which they are rotated 
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bj* means of the wheel B. One end of the coil B Is connected, on the uds of 
rotation, with one and of the coil B' ; and the other ends of the ooiU tenninate 
in a copper femle q, fixed to the axis, but insalated. That lbs induced onrrent 
maj be in the same direction in each coil, the wire is coiled on the two bobbins 
in different directions. When the electro-magnet turns, iU two branches become 
altematelj magnetized in contrary directions under the influence of the magnet 
A, and a current is induced in each wire, the dlri'dion of which is changed at 
each half of a rotation (Art. 384), Tho induced currents of opposite electricities 
pass through the wires to the handles p p, and cause powi^rful coiiTuUive shocks 
when they are grasped. By auch a machine, wlien the armature fonned by the, 
coils is rapidly rotated, strong luminous, chemical, or heating effects may be 
produced. 

In the dynamo-electrio macliine, or d^tamo, as it is called, electro-magnets 
take the place of the permanent magnet Such machines when of considerable 
siie, and driven with great Telocity by means of a steam-engine, h 
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power. The electrio light used for illumination is thus produced, and the dy- 
namo is also employed in electro-metallurgy. Great improvements have recently 
been made in dynamo-electric machinery. Instead of converting mechanical 
force into electrio energy, tlie action of the dynamo may he reversed, convert- 
ing electric enei^ into mechanical force. In this way it has been used as amo- 
tor, for the purpose of propelling carriages along a railway. 

369. An Induction iJoH is a coil so arrangecl &b to produce 
Btroug induced cuirenta by the action of a voltaic current, the circuit 
of which is alternately opened and closed in rapid succession. 

This apparatus has several constructions, but essentially it consists of a hol- 
low cylinder, in which is a bar of soft iron, or bundle of iron wires, with a 
double coil of insulated wire around it, one coil being connected with the poles 
of a battery, the circuit of which isalternately opened and closed by a self-acting 
apparatus, the other producing the induced current. 

RuAmkorfi cotl, represented in Fig. 282, is a contrivance of this kind. The 
primary or inducing coil is of copper wire, coiled on a cylinder of cardboard, 
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which 1b Inclosed In an Insnlattng cylioder of glass or India rubber. On thU ia 
wouud the secondarj coil of much finer copper wire. The insulation is inareised 
bjr interposing melted shellac between the wires. The length of the secondary 
wire is very great, sometimes several miles—in Spottiswoode'a machine it was 280 
miles. ThH potential of the induced electricity depends to a great extent upon 
the thinness and length of this wire. 

The current enters b; the wire P, and passes from the binding screw a to 

the cmamutator or key, which serves to brealc the circuit or send the current In 

either direction ; then, by the screw b, it enters the primary wire, and acts bj 

induction on the secondary wire. Having passed through the primary ooil, it 

passes to a movable piece of iron, o, called tlie hammer, descends to a copper 

plate, K, and is carried by that to C, whence it goes to the 

negative pole of the battery by the wire N. The current 

la only induced when the circuit is opened and dosed, 

and this Is effected by the alternate ri^ng and falling of 

the hammer o. 

The induced current which can thus be developed, is 
of immense power. Oases may be decompoeed or com- 
bined, and luminous effects of great variety and beauty 
produced, according as they take placeinair,Iua voouDm, 
or in vapor of different kinds. In a vacnum, if the vapor 
of turpentine, alcohol, or certun other sulistanceE, have 
been introduced Iiefore exhaustion, the light assumes the 
appearance of alternate bright and dark zones between the 
two poles [Fig. S83). The light of the positive pole is gen- 
erally red, and that of the negative pole violet The Unts, 
however, vary with the vapor or gas that Is present 

Oei*»l^'t Tube*. — These effects ore most brilliant when 
the discharge from the coil takes place in glass tubes con- 
taining a highly rarefied vapor or gox. This phenomenon 
was first investigated in this way by Qeissler of Bonn ; and 
hence the tubes have been called fleitder't tlibet. The 
tubes, liBving boeu Riled with different gases or vapors, 
are eKhaueted, and the current is admitted by means of 
platinum wires soldered into the glass at the ends of the 
^' tube. The fluorescence which the electric discharge es- 

cites in the glass sometimes heightens the brilliancy and beauty of tlie effects 
presented. (See Plate III.) 

Oeissler'a tubes have been used for medical purposes, being inserted into 
cavities of tlie body, and affording the light required for examination. 

390. The telephone is on apparatus liy meaos of wliich sounds 
can be tranBmitted to a great distance by an induced current. 

A section of the instrument, showing its construction, is presented In Fig. 
264. In a wooden case or holder is contained « steel magnet, H, abont four 
Inches in length and half an inch in diameter, orooud one end of which is fitted 
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ft eoil of fine insulated copper irire wound npon ft thta flftt bobbin, B. The ends 
of the coil pass throngh apertnres L L in the case to the screws C C. In front 
of the magnet, ftt a diBtance which can be adjusted b; a screw, is a disc, D, of 
soft iron, as thin as a sheet of stoat letter-paper. This disc is scravred down by 
the montb-piece E. One of the wires C leads to the station to be communicated 
with, the other is connected with the earth. The action is as follows: The mag- 
net M, b; Induction, magnetizes the soft iron disc D ; bat by tbe vibrations of 
the afr, caused by tbe voice, this diso is moved backward and forward ; and thus 
the strength of the magnet H is either increased or diminished. Bj induction 
these effects are imparted to the coil B, giving rise to currents that are trans- 
mitted bj C, and cause corresponding effeota In the disc of a similar instnunent 
at the other station, these eSeols being transmitted to the ear b; the vibrations 
of the ^r. 
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Each Instrument can thus be used as a sender or receive, but it has been 
found more convenient to use two Instruments, one for the ear and tbe other for 
the voice, the latter beiug the lai^r and more powerful. The reproduction of 
the sounds is nearly perfect, hut tliey are much wealieiied. It has been estimated 
that not more than one ten-thonsandth part of the sound is transmitted, showing 
the wonderful perfection and delicacy of the human ear, that is capable of per- 
ceiving it It has been also estimated that by the tetBphone no lees than 24,000 
currents are transmitted in a single second. 

391. The miorophona ia an instrument used in connection with 
the telephone, to intensify low or weak sounds, by means of fluctua- 
tions in the current of electricity. 

This remarkable instrnment was Invented by Mr. Hughes, and depends on 
the principle that when the wires of an electric circuit, in which is interposed a 
telephone, are broken, and rest loosely on each other, sounds made near tlie 
point of contact are greatly augmented in the telephone. A simple form of the 
apparatus Is represented in Fig. 2S5, A is a piece of thin wood Btted vertically 
to a base, B, of the same material, C C are two small rods of gas carbon, a semi- 
conduotor, flxed in the board A : and a spindle of the same substance is pivoted 
between the rods, which are oonneoted to the wirea forming tlie circuit of a small 
16 



bstterj vti & telephone. The OKbon uosna ft alight break In Ihe eonent and 
incraHSB tha rMUtmucH, while any compresaion of the cirbon dimintihf* the re- 
Blstince. Thill the slightest jar at the 
base B caueea a variation in the pren- 
ure ; and these vaiiations ia preSBure 
produce Buctualioua in the current 
which are transmitted to the reoeiver 
of the telephone. Ererj sound is 
therefore magnifled. The ticking of a 
watch, the rustling of £ilk, or the 
■cratch of a pin, becomes perceptible 
a hundred miles distant; white the 
fall of a drop of water on the base pro- 
fj]Pj^_.^ duces a loud crash. 

392. Tlie taslmeter is an in- 
strument used to ascertain or 
^'^ ^^' meaaure veiy small changes in 

the length of bodiea It depends, like the microphone, on the prin- 
ciple that the reeistance of carbon forming part of a voltaic circuit, 
varies greatly with the pressure to which the partially conducting 
substance is exposed. 

The instrument is shown In Fig. 280. It consists of an Iron base supporting 
two iiprii{)it», tiiiK of wliivli, a, is connected with a galvanometer, ff. An ebonlUi 



disc, d, is screwed Into a ; and in a cavity of the ebonite 1b a small disc of carbon, 
In the outer surface of which is a strip of platinum connected with one of tha 
poles of the battery {. The metal plug e closes iu the carbon disc, and by meant 
of a small hollow in iU outer face holds, with a similar ping, r, the body/, to 
he experimented on. The screw b acts on the ping e, and compresses lightly the 
Biihstance/. The slightest pressure of the screw la indicated b/ the galvanometer', 



GALVANIC OR DYNAMICAL ELECTRICITY. 243 

and further expansion or contraction of the substance is shown bj the subsequent 
deflection of the needle. Thus, if it be a thin strip of ebonitei the heat of the 
hand held near it causes an expansion which is shown by the galvanometer. It 
has been used to show the slight elongation of an iron rod when it ia magnetized. 

v.— THERMO-ELECTRICITY. 

393. Thormo-oloctrlclty is electricifcy prodnced by the action 
of heai Its properties are the same as ordinary electricity. 

That eleotrioitj is generated bj heat is illustrated hy an experiment made in 
1821 by Professor Seebeck, of Berlin. A copper plate with bent ends, m n (Fig. 
287), is soldered to a plate of bismuth, op, and a magnetic needle, a, is placed 
between, moving on a pivot. The apparatus being in the magnetic meridian, if 




Fig. 287. 

heat is applied to one end, o, the needle is deflected in such a manner as to indi- 
cate that an electric current passes from n to m, from the heated to the cool 
portion of the copper ; and when ice is applied at 0, a contrary current is devel- 
oped. This is called the thermo-dectrie current, 

394. A thermo-electric couple consists of two metals soldered 
together so that the two ends may be connected with a conductor. 
Several of these couples, or elements, when properly united, form a 
thermo-electric battery. 

395. A thermo-electric pile is a battery consisting of a num- 
ber of alternate bars of antimony and bismuth soldered together. 

This form of battery has the advantage of combining a large number of ele- 
ments in a small 'space. The pile is represented in Fig. 288 ; the manner in 
which the couples are joined is shown in Fig. 280. The series of five couples, 
insulated by varnished paper bands, are inclosed in a copper frame, P, and may 
be joined to other series formed in the same way. The binding screws, m and », 
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which eommnnlrato, one with the flnt plate of mtlmon;, the other with thelaat 

pUte ol bittDuth, »n, reapectlvel;, the positive and negatlTe polea of the batterj. 

This ii ulled, ftfter the nune of ita inTent 

or, JfobtWt piU. There are levend other 

fomu of the therroo-eleotric batterj. 

The thenno-electrlo battery is a wrj 

■ delicate teat for changes of lemperBtiire ; 

. the eleclrio currenU are of low poteotjal, 

but are rerj steadj and ooifonn, liiice 

their oppodte jouctioDS, bj means of 

melUng ice and boiling water, can eadlj 

Fia. 18S. ng m ^ ^"P* ■* ^" ""^ "^° ^■ 

Other metala m«7 be need in the ther- 
mo^lectrlo batterj in the place of antimonj and bismath. The best adapted 
are, besideB those, German-Bllver, copper, iron, and brass. Oermau-eilTer and 
bran in combination form verj effective elements. 

When the poles of a thermo-electric batter? are connected with a galvanom- 
eter, the smallest Tariation In temperature is indicated. The heat of the hand 
heldneorit— even the warmth emitted by tlie bod^of afij— oausesadefleoUon of 
the needle. Thus these small portions of heat become visible \>j being changed 
flnt into electricity, next into nugnetism, and then into motion. 

VI.— ANIMAL BLBCTRICITT. 

396. Animal electricity is that which is fotind to ezisti, to a 
greater or leas extent, in the bodies of animals. While some by their 
peculiar conetitution, as electrical fish, poBsees the power to geneiste 
large quantities of electricity, sometimes at will, the muscles and 
nerres of all MiimftlH may be shown to be the source of electrical 
currents. 

The existence of auob oorrents was shoim bj Gslrani ; but, on the invention 
of the voltaic pile, his researches attracted but little atteution. Since then, this 
branch of research has been dtligentlj prosecuted. 

Muscular currents may be investlgaled b; experlmentiiig wltb the living irri- 
table muscles of a frog, applying the electrodes of a battery to different sections 
of the muscle, and noticing the effect of the current on the galvanometer. Vari- 
ous facts are determined in this way. Bj using another mnscle as a galvano- 
scope, tbe galvanometer may be dispensed with in these experiments. Thus, if 
the nerve of one living muscle be dropped suddenly on another living muscle, 
so as to come in contact with its longitudinal and transverse sectionB, a contrac- 
tion of the first mnscle will occur, because its nerve Is stimulated by on electric 
current derived from the surface of the other muscle. Nerves give the same 
indications of electro-motive force as muscles. 

397. Eiectrloal flah give, when touched, shocks like that of a 
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charged Leyden jar. Of these fish, the gynmotus, or electric eel, 
and the torpedo are examples. 

The peculiar character of these creatures has been oarefuUj investigated hy 
scientists. The gjmnotus was examined hy Humboldt and Bonplane, in South 
America, and by Faraday in England ; and the torpedo has been made the sub- 
ject of close scientific scrutiny in France and Italy. 

The shock which these animals give is purely voluntary, serving for offense 
and defense. The shock of the gymnotus was found by Faraday to be equal to 
that of a battery of 15 Leyden jars exposing a coating of 25 square feet. Horses 
have been killed by a shock of this fish. Repeated shocks exhaust the powers 
of the animal. 

The fact that the shocks produced^ by these animals are caused by ordinary 
electricity has been conclusively shown by various experiments. For example, 
if the back of the fish is touched with one hand, while the under part is* 
touched with the other, or with a metal rod, an electric shock is received, 
sometimes of considerable violence, while none is felt if the animal is touched 
by a non-conductor. The same fact is shown by letting the current pass through 
a galvanometer, the deflection of the needle indicating the passage of the cur- 
rent from the upper to the lower side of the animal. Moreover, if the current 
from a torpedo is passed through a helix inclosing a steel bar, the latter becomes 
magnetized. Prof. Carpenter says: ''Although no one has ever seen a spark 
emitted from the body of one of these fish, it may easily be made manifest by 
causing the torpedo or gymnotus to send its discharge through a slightly inter- 
rupted circuit." 

These animals are supplied with special organs for the production of elec- 
tricity. In the torpedo *' the electric organs occupy the front %nd sides of the 
body, forming two large masses which extend backward and outward from each 
side of the head." These organs are supplied with nerves of very great size. 
When these nerves are cut, the animal loses its electric power, but is in no other 
way injured. 
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SYNOPSIS FOB RBVIBW. 

r L— ^ALYAKIO OR YOLTAIO BaTTERIBS. 

1. Qaiwrnic or VoUaic BieetrieUy. 
Galrani's ftnd Volta^s discoyeries and experiments. 

2. VcUaie PiU, — ^Voltaic couple, or simple gaLvanic circuit. 

1. Direction of eurrent. 

2. Electro-motive series. 
8. VoUtucBaaeriea: 

1. Wollaston's. — ^Poles or electrodes. 

2. Constant battery. 
8. DanlelPs " —HUl battery. 
4. Grove " 
6. Bunsen^s " 
6. Smee's ** 

IL— Bffbctb and Uses op the Voltaic Corrent. 

1. PhytMogieal EfeeU, 

2. Heating JB!fect8. 
8. Lnmirums Effects, — ^Voltaic arc. 
4. Chemical EffecU, 

Blectro-metiaiurgy : { ^^eoRSting. 

III. —Electro-magnetism. 

1. Oalmnometitr, 
Construction and use. 

2. Electro^ytuimics : 

1. Fundamental law. 

2. Electro-magnets : Construction and use. 
8. Electric telegraph. 

i 1. Principle. 

1. Morsels telegraph : \ 2. Parts. 

(3. Uses. 

2. Cowper's writing telegraph. 

4. Electric alarm. 

5. Electro-motors. 

IV.— Voltaic Induction. 

1. Induced Currents : 

1. Law of voltaic induction. 

2. Magneto-electrical induction. — Hagneto-electricitj. 
8. Dynamo-electric machines. 

4. Induction coil. — Ruhmkorff's coil. — Geissler*s tubes. 

5. Telephone and microphone. 

6. Tasimeter. 

V. —Thermo-electricity. 

1. Thermo-electric Current 

2. Thermo-electric Pile atid Battery. 

VI. — Animal Electricity. 

1. Definition, 

2. Muscular and Nerve Currents, 
a. Electrical Fish, 
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APPMOATION OF PBINCIPLBS. 

I. On what principle did GalTUii explain the oontnotion of the frog's legs ? 2. 
What was Volta*B explanation of the phenomenon ? 3. What chemioal action takes 
place in the simple voltaio circuit, and how does that canse a current ? 4. What would 
be the effect, if the chemioal action were equal in the two metals ? 5. What determines 
the direction of the current ? 6. If iron and copper were coupled, how would the cur- 
rent flow ? 7. How did Sir Humphry Davy propose to protect the copper sheathing of 
Teasels from the action of the sea- water ? 8. What is the advantage of using two liquids 
in a Toltaio cell over a single liquid ? 9. How does Daniell^s battery differ from the 
Grove battery ? 10. From Bunsen's battery ? 

II . What is the peculiar construction of a gravity battery ? 13. Why is carbon used 
for the points of the electrodes ? 13. How may the carbon points be seen while the cur- 
rent is in action ? 14. Why is a regulating apparatus required to make the electric 
light steady? 15. What advantages has the electric lightover thatof gas? 16. How 
have new elements been discovered by means of the voltaic current ? 17. Why cannot 
ice be decomposed by electrolysis? 1& What is the principle upon which the electro- 
type process is based ? 19. Why are iron or steel articles coated with copper before 
being electro-gilded ? 20. On what principle is the construction of the galvanometer 
based? 

21. What principles are concerned in the construction and action of an electro- 
magnet ? 23. How is the direction of a voltaic current through a helix determined ? 23. 
How may the poles of an electro-magnet be distinguished ? 24. Why, in forming a cir- 
cuit for an electric telegraph, is no return wire needed ? 25. For what is the ground 
wire used ? 26. What principles are concerned in the construction of Morsels telegraph ? 
37. Why is a relay battery used ? 28. How can the register be dispensed with ? 29. 
What is the use and principle of action of a lightning arrester? 30. When and why 
should the cut-off be used ? 

81. What is the principle of the electric alarm? 32. How is the twot of voltaio 
induction proved? 83. Why is mechanical force required to produce magneto-elec- 
tricity? 84. What is the effect of moving a conductor across the lines of force in a mag- 
netic field ? 35. How may the voltaic induction of the earth be shown? 36. On what 
principle are dynamo-electrical machines constructed? 37. When does a dynamo 
become an electro-motor ? 38. What principles are applied in Clarke's magneto-electric 
machine ? 89. For what purpose is steam applied to the dynamo ? 40. What is the 
principle of Ruhmkorff*s coil ? 41. For what are Geiasler's tubes used ? 42. What 
principles are ooncemed in the construction of the telephone ? 43. What in the micro- 
phone? 44. In the taoimeter ? 4& In the thermo-electrio battery ? 



CHAPTER XL 

METEOROLOGY. 

398. Meteorology is that branch of physics which treats of the 

phenomena of the atmosphere. 

To all each phenomena the tenn tneteors is scientifically applied ; although, in 
common use, the word meteor is restricted to a shooting-star or a fire-ball. Meteors 
maj be classed as adrial meUorB^ such as winds, tornadoes, etc.; aqueous meUony 
as fogs, clouds, rain, snow, hail, and dew ; and luminouB meteon^ as the rainbow, 
lightning, halos, and the aurora borealis. 

399. Winds are currents in the atmosphere, varying in their di- 
rection and Telocity. 

The direction of the wind is indicated b/ the point of the compass from 
which the current flows. Thus a northtreat tritui blows from the northwest 
The velocity of the wind is determined b/ an anemom'eter, which consists of 
a small rane having fans, which the wind turns, the number of turns in a given 
time showing the velocity. 

The velocity of a moderate wind is from 18 to 22 feet in a second ; of a fresh 
breeze, from 22 to 36 feet ; of a strong wind, from 36 to 56 feet ; of a gale, from 
56 to 90 feet ; and of a hurricane, from 90 to 120 feet a second, or from 65 to 82 
miles an hour. 

400. Winds are caused by a difference of temperature between 
adjacent countries. The air in contact with the heated sui-foce of the 
earth rises and flows toward the colder regions, while the lower 
strata of air in those regions flow toward the warmer parts, to supply 
the place of the heated air. Thus are produced two winds — an upper 
one blowing from the heated region, and a lower one blowing toward 
it 

401. Winds are classed as regular, periodical, and variable 
winda Regular winds blow all the year from the same quarter ; 
these are the trade minds. Periodical winds are those that blow in 
the same direction at the same seasons of the year, or at the same 
hours in the day ; such are the monsoons and the land and sea breezes. 



METEOBOLOQT. 249 

Variable winds are those which constanUj change their direction. 
This is the general character of the winds of the temperate zones. 

The trade winds general!/ blow from the northeast on the north side of the 
equator, and from the southeast on tlie south side of the equator. Thej prevail 
between the equator and 30° of north and south latitude. They are caused bj the 
action of the sun upon the equatorial regions, causing currents to set in from the 
poles to the equator, which are deflected toward the west by the eastward rota- 
tion of the earth. 

The monsoons (from an Arabic word signifying season) are winds which blow 
for one-h&lf of the year in one direction, and the other half in another. Tliey 
prerail chiefly in the Indian Ocean and some of its tributary seas, gulfs, and 
bays, blowing toward the continents in summer and away from them in winter. 
They are caused by the inequality of heat in dififerent i>art8 of the earth. While 
the sun is north of the equator — from March 21st to September 23d — the northern 
part of Africa and the southern part of Asia are heated to a higher degree than 
the Indian Ocean and South Africa and Australia. Hence the general direction 
of the wind is from the south, but it is deflected toward the west in the same 
manner as the trade winds. In the other half of the year this is reversed, as the 
heat passes from Asia and Africa to the Indian Ocean and Australia. 

Land and sea breezes prevail on the sea-coast and on islands in tropical cli- 
mates. They derive their name from the fact that they blow from the sea to- 
ward the land during the day — from a short time after sunrise to 3 or 4 o'clock 
in the afternoon— and the remainder of the twenty-four hours from the land to- 
ward the sea. In the morning, as the land becomes heated more rapidly than 
the water, the air over the former rises, and thus causes currents from the sea ; 
and in the evening the land cools sooner than the water, and thus disturbs the 
equilibrium of pressure in the reverse manner. 

402. Atmospheric pressure iDfluences the direction of the 
wind, which invariably blows from the place of higher pressure to 
that of lower. 

The wind blows round the area in which the pressure is increased or dimin- 
ished, the direction being the same as that of the hands of a watch, when the 
pressure is higher, and in the contrary direction when it is lower. The latter 
circulatory movement, when extremely violent, causes the cyclone or West 
Indian hurricane. 

The law of direction for places in the northern hemisphere, independently 
of the effect of local configuration — as of mountains and valleys — has been simply 
stated as follows : If we stand with our back to the wind, the line of lower press- 
ure will be on the left hand. In the southern hemisphere it would be on the 
right hand. 

The diversities of atmospheric pressure, and the conditions which they de- 
note, render the barometer a most important instrument in weather prognostica- 
tions. The indications of low pressure on the barometer are usually marked by 
the words Stormy , Much Bain^ and Bain ; and the contrary, Very Dry, Set Fair^ 
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•nd Fbir, But th«se ue hj no meani invirUbly eorreet ; in fftct, thej we «ft«n 
verj deoeptire. 

Weat^ dutrlt show the bvometric prennre,* the tempermture ot tha >ir, 
uid the force %aA direction of the wind, for large kreu ; and from these data, 
predictions of the ireathar are made. 

403. Fogs and mists are parti; condensed vapors resting on tiie 
surfitce of tiie earth. Wlien tiie surface of the ground is wanner 
than the air above it, ihe vapors become condensed as they arise, and 
ai^>ear as fog or misL A fog is merely a thick mist 



404. Clouds are masses of condensed vapor floating in the at- 
mosphere. Their varjing appearance gives rise to their daaaification 
into four kinds : the nimbus, the slraiun, the cumultis, and the cimcs. 

Theoe fonr kinds of clond iro respectively represented in Fig. 290, Iteing 
marked by one, two, three, and four birds on the wing. The nmt la com- 

* "A low baroraetar ia not ■ reliable aign of vet or atonny ireathet, neithai ia a 
high barometer to be depended npon for expecting fine weather. A andden and dob- 
aiderabhi fall i* an almoat certain indication of atonny winds and atoimy weather. The 
leait reliable of all the batometric changea ia a andden riae. In winter it may be fol- 
lowed by bard and sadden troat, in ■nminer by anltry weather and thonder-atorma. 
AU that may be aafely said of such ludden riae is, that it indieatea a change of aoma 
•ort."— (K Jf. WUliamt. 
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posed of small whitish olonds which present ■ thin Abrona or fleeo; Appearancu. 
Euch clouds occnp; the higher regions of the atmosphere. The fuoitilui consists 
of white masses of clond, resembling mountaina piled one oa the other.* The 
itmtut has the form of horitontal sheets or luyeis ; and the niniimt is a dark 
rain-cloud. 

These different forms ore often combined, and form clouds of vorions ap- 
pearances, to which the compound terms rnT^-cuniuJui, drro-tCraitu, and euvmlo- 
ttTotut have been given. ^ 

The mean lieight of clouds is about 4,000 feet in winter, and 12,000 feet in 
summer. The height often greatlj exceeds this. Gaj'-Lussac, In his balloon, 
observed cirrus clouds above bim, while he was at a height of nearlj 23,000 

405. Rain is caused by a complete cocdenBation of the clouds 
in the atmoapliere, the aqueous vapor being changed into water, 
which foils in drops to the earth. 

The difference between rain and fog or mist consists in the size of the drops. 
The vesicles of vapor in the latter are exceedingly small — In fog too minnte to 
be distinguishable. Rain is formed by the union of these vesicles. 

The rain gauge (Fig. 291) is on instrument designed to sliow the qnanUt; of 
rain that falls in any given time or 
place. It ia a cylindrical vessel, H 
(Fig, 29S), closed at the top by a 
funnel-shaped lid, in which there 

is a small hole, through which the i 

rain-water runs into the vessel. 
The water rises in the glass tube A, 
connected with the lower port of 
the vessel, and shows by a scale the 
height of the water Inside. Thus, 
a height of two inches in the glass 

would indicate a rainfall, for the „, -q, ^ ^g, 

portlcolar time, of two inches. 

In general, the greatest annasl rainfall oconrs in tropical or hot regions, since 
the vaporization there ia most abundant. At London, it is S3.5 Inches ; at 
Madeira, 2T.T ; at Bombay, 84.7 ; at Havana, 91.3 ; at St. Domingo, 107.0 ; at 
Bollie, 153.0. The greatest annual rainfall is at Cherrapongee, in northern 
India, where it is 610.3 inches, more than 500 inches of which fall during seven 
months. 

An Inch of rain on a, square yard of surface is equivalent to a fall of 46.74 
pounds, or 4.07 gallons; which, in round numbers, is the same as 100 tont per 

* " Cnmnli are the beads of colnmnar bodiss of vapor, which rise from the earth's 
■urface. and are precipitated u aoan ■■ they reach a certain elevation. Thiu the viai- 
ble oload forms the capital of an inviaible pillar otaataiated air." — TyHdidl. 



406. Waterspouts are great vhirling maases, or colimms, of 
Tapor, Tuoring with great force and rapidity over the Burbce of the 
earth, luuall; oter the sea, and connecting with the clouds in the 
higher regions of the atmosphere. 

Wtter-ipouti r«volvu it tholr bue with force enough to dertroy houses uid 
uproot trees, uid are generallj' tccompuiled by raiD uxi bidl, often emitUng 
lightning and causing tbandur. As they pass orer the sea, the water is violently 
agitated, and risL-a in the form of aoone, while the aloada detoend in a siinilar 



Fig. in 

form to meet the spoul (Fig. 293). But, even on the ocean, the water of the 
spoat is not salt, which ihows that it is formed of condensed vapor, not of sea- 
water. Ko fully iatUfactory explanstiou of this phenomenon baa yet been giTen. 

407. The aqueous vapors of the atmosphere posBeaa the property 
of absorbing and radiating heat in a Tery high degree. 

TynduU has demonstrated, by a serieB of Interesting ezperimenta, this remark- 
able property of aqaeoua vapor; in coniieclioQ with which he remarks; "Ke- 
garding the earth aa a source of radiant heat, no doubt, at least ten per cent of 
its heat Is intercepted within ten feet of the sarfaoe." That is, it is absorbed 
by the aqneous vapors. The power of absorption and radiation poaseesed fay 
aqueous vapor is said to be more than 10,000 times that of the air. 

To this radiation is attributed the cuploiu nuns of tropical cliaatcB ; for when 
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the warm rapors reach the drjer portions of the atmosphere, the/ rapidly radi- 
ate their heat, and thus become condensed, descending in torrents to the earth. 
The aqueous vapors near the earth absorb its heat, but are prevented from 
radiating it by the vapors above. In dry regions, the terrestrial radiation is 
very rapid ; and hence their daily extremes of temperature are enormous. In 
the interior of Australia, a difference, within twenty-four hours, of 40'' 0. has 
been recorded. In India and the Desert of Sahara, ice has been formed at night 
in consequence of excessive radiation of the terrestrial heat. But this, ordi- 
narily, is prevented by the presence of copious vapors, which act, to use the 
illustration of Tyndall, *' as a blanket more necessary to vegetable life than cloth- 
ing is to man." The blue color of the sky has also been attributed to the pres- 
ence of aqueous vapor. * 

408. Dew is formed by the condensation of the aqueous vapor of 
the air coming in contact with a cold sur&ce. 

In clear nights, the deposition of dew is most copiouSi because then the terres- 
trial radiation is most rapid ; but clouds in the atmosphere radiate heat to the 
earth, and thus by checking its loss ot heat, prevent the formation of dew. A 
strong wind greatly diminishes the deposition of dew, because it does not give 
the air time to become cooled ; but a light wind, by renewing the supply of 
saturated air, increases the formation. Of course, dew is most copiously formed 
on bodies which radiate most readily, such as the leaves of vegetables. Thus, 
by a wise provision of Nature, dew is supplied where it is most needed, and 
in hot countries becomes a sustainer of vegetation. Moreover, when the plants 
are thus covered with moisture, which is a' non-conductor, they are prevented 
from further radiation, and are thus protected from severe cold. 

409«-Hoar frost is aqueous yapor frozen by being deposited on 
bodies, the temperature of which is below the freezing-point. These 
vapors freeze before they become dew. 

410. Snow is aqueous vapor frozen in the atmosphere, in beau- 
tiful star-shaped crystals of various forms. 

Some of these snow-crystals highly magnified are represented in Fig. 294. 
When formed in a calm atmosphere, they are more regular than when there is a 
great degree of disturbance. 

When the aqueous vapor of the clouds is frozen after a greater degree of con- 
densation, it forms deet, which has the form of small needles of ice pressed to- 
gether in a confused mass. 

411. Hail is formed from vapor condensed into rain-drops, and 
frozen in the higher and colder regions of the atmosphere. These 



* " As far aa I can judge, aqueoas vapor and liquid water absorb the same class of 
rays. This is another way of stating that the color of pure water is shared by its 
vapor. In virtue of aqaeons vapor, the atmosphere is therefore a blue medium. "^^ 
Tj/ndall 
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froEMi drops collect into compact globules of ice, aometimes of con- 
Hiderable size, and descend trith a rattling noise to the earth. 

Hut oooors in Uie sominer, at the hottest parts of the day ; and htdl-atornu 
are the most severe in tropical coontrles. It generally precedes a thiulder-slorm, 
and sometimes acoompauies It, but rarely, if ever, foUows it. Hail-stoaea have 
nsuullj the die of peas, but sometlmex are as large as an egg or an orange ; and 
aooonnta are given ot storms ia which masses of ice of stiU greater siia have 
fallen. 

This phenomenon is attributed bj some to the suddeu and violent disturb- 
ance of the equilibrium of the atmosphere, caused bj the heatud portions com- 
ing In oontBct with cold onrrents. The maBses of vapor instantly condensed in 



this way are carried to the colder regions of the air by the violence ot the wind, 
and are fnnen ; and, at the same time, the electricity evolved acta upon the 
■mall ice-masses, giving them a whirling motion. These small liail-Btones com- 
ing together unite, and thus forih the larger masaea. 

412. Among the most striking of the luminous meteors, or atmos- 
pheric phenomena, is the aurora borealis, or northern light ; some- 
times, and more properly, called the polar aurora, aa It is seen at both 
poles. 

This brilliuit and interesting phenomenon is often viidble at a great distance 
from the poles, and over an immense area. Tlie same display has been seen at 
Moscow, Warsaw, Borne, and Cadii. Its height is variously estimated at from 90 
to 460 miles. Its usual form is thai of luminous clouds, with arches and rays 
(etteamera) darting and fiasliiug with great rapidity ; the latter meeting Bometimei 
at or near the zenith, and forming what is called the boreal eroien. The arches 
are sometimes single ; while at others several concentrio ones are setin. A much 
rarer form ia that in which the rays seem to hang from the sky like the folds of 
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* Inminons onri^n [Tig. 29S). Tile oolor of the ftnron vaHea, from wlitta or -rerj 
pile green to crlmion, *iolet, or Bteel-color> In eome countries these lights are 
called the "meirj duicers," from the tromulons Bashing of the streunera. 

The occurrence la most frequent At the eqainozes, and leut so &t the sol- 
itioes; and vitries !□ freqaency In different /eus, reaching a maiimuia ever? 
eleren yean, which has been found to coincide with the period of the greatest 
number of son-flpots. 

There ore ToriouB hypotheses to occoaut for this phenomenon, hot none is 
enUrel7 s«tisftctary. De la Rive attributes it to electric discharges which take 
place in the polar regions between the poeitive electrlcitj of the atmosphere and 
the negative etectridtj of the earth. It has been ascertained, however, that an 
auroral display never occnn ezeept at the time of magnetic disturbances ; and. 



according Ut Balfour Stewart, of England, it is due to magnetic currents oansed 
bjr rapid changes in the earth's magnetism. He likens the earth to the magnetic 
core of a Bnbmkorff'a coil (Art. 38S), of which the lower strata of the atmosphere 
constitute the insolator, and the upper strata (which b«ing rarer form on electri- 
cal conductor) form the secondorj coil. 

Lightning, with its accompaniment thunder (Art ;t42), and the rainbou (Art 
288), are »Uo to be regarded m atmoepheric meteors. 

413. Climate is a term uaed to denote the general peculiarities 
that characterize tiie atmosphere at any particular part of the earth's 
surface. That part of physics which treats of climate is called 
dimatology. 

Bj some, seven distinetiona of climate are noted as dependent npon mean 
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annual iemporatore : {!) tk M eUnUUe—ttom W to 25'' G. ; (2) a tDorm dimaie^ 
from 25^ to 20** 0. ; (3) a mild cHmaie— from 20^ to 15' G. ; (4) a temperaU cU- 
wafe— from IS** to 10" G. ; (6) a cM dimaie—txom W to 5° G. ; (6) a tery eM 
tUmate—irom 5" to 0** C.; (7) t^naretie eUmcOe—hQlom 0" G., or the freezing-point. 

Glimates are also classed as eontitaniy variable, and extreme^ dependent upon 
the difference between the mean annual temperature and the extreme of winter 
or summer. The climates of London and Paris, for example, are variable ; those 
of New York and Pekin are extreme. Island climates are the least variable, be- 
cause the temperature of the sea is constant. 

Among the characteristics of climate are included the moisture of the air, the 
quantity and frequenc/ of rains, the direction and intensity of prerailing winds, 
the number and severity of storms, and the nature of the soil. Sanitary con- 
ditions also give rise to the distinction between healthful and unhealthful 
climates. 

414. Registration of Phenomena. — An instrament for the 
automatic registration of meteorological phenomena is called a meteor- 
ograph. It comprehends devices for registering the direction and 
velocity of the wind, the temperature of the air, the height of the 
barometer, and the fall of rain. 

These are all recorded not only automatically, that is, by the unassisted ac- 
tion of the apparatus, but simultaneously. The movements of the meteorograph 
are regulated by clock-work. In connection with which a series of electro-magnets 
are employed, the motion of the armatures of which operate the pencils. Thus 
the passage of the current in one or another of these magnets is caused by the 
movement of a vane which is acted on by the wind, all changes in the direction 
of which are thus instantly registered. The expansion and contraction of wires, 
transmitted by a system of levers to a pencil, cause the latter to trace a curve 
line that shows the variations in the temperature of the air ; and in a similar 
manner other atmospheric changes are accurately recorded. 
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SYNOPSIS FOR REVIEW. 
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2. 



3. 



4. 
5. 



6. 



7. 

8. 



9. 



10. 
11. 
12. 
18. 



14. 
16. 



Deflniiions. 

1. Meteorology. 

?1. Aerial. 

2. Meteors : i 2. Aqueous. 

( 3. Luminous. 
Wtnds. 

1. Direction. 

2. Velocity. — Anemometer. 

3. Cause of winds. 

4. Classification: 

1. Regular. — Trade winds. 

o T% > ^* 1 \ 1* Monsoons. 

2. Periodical : | ^ j^^ ^^^ ^^ ^^^^^ 

8. Variable. 
Atmo^heric I^rewure. 

1. Law of. 

2. Diversities of. 

8. Barometric indications:]^; of high'prS^ure. 

4. Effect on the winds. — Cyclone. 

5. Weather charts. 
Fog» and Mists, 
CXauds. 

1. Definition. 

ri. Cirrus. T Cirro-cumulus. 

2. Cumnlus./^..^^^^^^^ 

3. btralus. Cumulo-stratus. 
^4. Nimbus. 

8. Mean height 

Bain, 

1. Cause. 

Measure of. — Rain gauge. 

Annual quantity at different placec 

Water-spouts, 

Absorption and Badiation of Jleat by Aqueous Vapor, 

1. Degree as compared with air. 

2. Effect of in tropical regions. 
Dew. 

1. Cause. 

2. Effect on vegetation. 
HooflT Prost. 

Snow, — Crystals of snow. 
HaiL 
Aurora BoreaUs^ or Polar Awrora. 

1. Appearance. 

2. Cause. 
Climate, — Classification of. 
Begistration of Phenomena, 



2. Classification : ^ 



2. Rainfall 
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ABERRATION, chromatic, 163 ; 
spherical, bj reflection, 144 ; hy 
refraction, 155 

Absolute index of refraction, 147 

Absorbent power, 123; of aqueona va- 
por, 252 

Absorption, 252 

Accelerated motion, 23 

Achromatic lens, 163 

Achromatism, 168 

Aclinic lines, 193 

Acoustic figures, 98 

Acoustics, 85 

Actinic rays, 159 

Action and reaction, 17 

Adhesion, 40 ; between solids and gases, 
41 

Aerial meteors, 248 

Affinity, chemical, 40 

Aggregation, states of, 10 

Agonic line, 191 

Air, resistance of, 36 ; composition of, 
67 ; expansiye force of, 68 ; weight 
of, 67, 73 ; velooitj of sound in, 
87 ; inductive capacity of, 201 

Air-balloons, 74 

Air-chamber, 81, 82 

Air-pump, 76 ; rarefaction of air in, 78 ; 
uses of, 78 

Alarm, electric, 234 

Alcohol, specific gravity of, 57 ; boiling 
point of, 112, 118 ; index of re- 
fraction of, 147 



' Alcohol thermometer, 112 

I Alloys, 42, 116 

Alum, diathermancy of, 123 

Ampere, law of, 10 (note) 

Analysis, spectrum, 102; by polariza- 
tion, 182 

Analyzer, 180, 182 

Anamorphoeis, 145 

Aneroid barometer, 72 

Angle, of refraction, 146 ; of deviation, 
150, 165 ; critical, 147 ; polarizing, 
180 

Angles, of incidence and reflection, 88, 
146 

Animal electricity, 244 

Animal heat, 131 

Annealing, 42 

Aperture, of a spherical mirror, 141 

Apparatus, electrical, 202 

Application, point of, 15 ; of the pen- 
dulum, 25 

Aqueous humor, 174 

Aqueous meteors, 248 

Aqueous vapors, absorption and radia- 
tion of heat by, 252 

Arc, voltaic, 224 ; sine of, 146 (note) 

Archimedes, principle of, 53, 74 

Areas, sx>aces, and times, relation of, 24 

Argand lamp, 124 

Armatures, 190 

Armstrong's hydro-electrio machine, 206 

Artesian wells, 52 

Artificial cold, greatest, 112 
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ArtUlciAl magnetB, 186 

Ascending bodies, 88 

Ascent of liquids in capillary tubes, 

57 ; between glass plates, 58 
Astatic needle and system, 103 
Astronomical refraction, 147 
Astronomical telescope, 167 
Atliermancj, 128 
Atmosphere, 67 ; composition of, 67 ; 

pressure of, 68; height of, 68; 

weight of, 69 
Atmospheric phenomena, 248 ; registra- 
tion of, 256 
Atmospheric pressure, 70 ; effect on 

boiling point, 118 ; on direction of 

the wind, 249 
Atomic theory, 10 
Atomo-mechanical theory, 11 (note) 
Atoms, 9 
Attraction, molecular, 40; magnetic, 

187 ; electric, 197 
Atwood's machine, 87 
Aurora borealis, 198, 254 
Auscultation, 20 
Austral pole, 186 
Avogadro, law of, 10 (note) 
Axis, of suspension, 36 ; secondary, 152 

BALANCE, 36; torsion, 41, 188; 
compensation, 114 

Balloons, 74 

Barometer, 70 ; cistern, 70 ; siphon, 70 ; 
wheel, 71 ; aneroid, 72 ; weather 
changes, how marked on, 249 

Baroscope, 74 

Battery, magnetic, 189 ; electric, 211 ; 
voltaic, 221 ; Wollaston% 221 ; Dan- 
ieirs, 222; Grove's, 222; Bun- 
sen*s, 222; Smee's, 228; relay, 
288 ; thermo-electric, 243 

Bellows, 92 

Blot, experiments of, 88 

Black's calorimeter, 125 

Block and tackle, 20 

Blood heat, 113 

Bodies, properties of, 11 



Body, ; of screw, 23 

Boiler, 126 

Boiling, 117 ; effect of pressure on, 118 

Boiling-point, 118 

Boreal crown, 254 

Boreal pole, 186 

Boyle's law, 78 

Bramah's press, 61 

Brass, specific gravity of, 56 

Breaking weight, 41 

Breast- wheel, 61 

Brewster, Sir David, inventor of the 

kaleidoscope, 189 
Brittleness, 42 
Brush discharge, 218 
Bunsen's battery, 222 

CALIBRATION, 112 
Galorescence, 162 
Calorific rays, 159 
Calorimeter, 125 
Calorimetry, 125 
Camera obscura, 172 
Capella, spectrum of, 161 
Capillary attraction, 57 ; phenomena 

of, 59 
Carbon, infusibility of, 224 
Carbon battery, 222 
Carbon points, 224 ; projection of, 226 
Carbonic acid in the air, 67 
Carpenter, Prof., 245 
Cartesian diver, 54 
Cast-steel, tenacity of, 41 
Catalani*s voice, 105 
Catoptric telescope, 169 
Catoptrics, 188 
Caustics, by reflection, 144; by refrac- 

Uon, 155 
Cavendish, 88 (note) 
Center, of oscillation and suspension, 

25 ; of gravity, 88 ; optical, 152 
Centigrade scale, 112 
Centrifugal force, 24 
Centripetal force, 24 
Character (timbre) of musical sounds, 94 
Charcoal, use of, for voltaic are, 224 
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Charge of a Leyden jar, 210 

Chemioal affinity, 40 

Ghemioal effects, of the electric dis- 
charge, 212; of a voltaic current, 
225 

Chemical rays, 159 

Chemistry, object of, 9 

Chimes, electricaly 207 

Choroid, 174 

Chromatic aberration, 163 

Circle, motion in, 24 

Circuit, galvanic, 219 

Cirro-cumulus, 251 

Cirro-stratus, 251 

Cirrus, 251 

Cistern barometer, 70 

Clack valve, 80 

Clarke's magneto-electric machine, 288 

Climate, 255 

Clouds, 250 ; mean height of, 251 

Cochlea, 106 

Co-efficient of expansion, 118; of liquidp, 
114 

Clocks, how regulated by the pendulum, 
25 

Cohesion, 40 

Coil, primary and secondary, 285 ; in- 
duction, 289; Buhmkorff's, 289 

Cold, sensation of, 121 

Collision of bodies, 26 

Color, 11 ; of bodies, 158 

Colored rings, 182 

Colorific rays, 159 

Colors, 156 ; complementary, 159 ; of 
thin plates, 178 

Combustion, 181 

Comma, musical, 95 

Communicator, or key, 288 

Compass, Mariner's, 192 

of the human voice, 105 (note) 

Compensation balance, 114 

Compensation pendulum, 114 

Complementary colors, 159 

Component forces, 15 

Composition of light, 155 

Compound microscope, 165 



Compressibility, 18 ; of gases, 67 

Concave lenses, 154 

Concave mirrors, 141 ; virtual image of, 
148 

Ciondenser, of steam-engine, 128; elec- 
trical, 208 ; Epinus's, 209 

Condensing engine, 129 

Conduction of heat, 120 

Conductors and non-conductors, lOG 

Congelation, 116 

Conical mirrors, 145 

Conical valve, 80 

Conjugate foci, of mirrors, 141 ; of 
lenses, 152 

Conservation of energy, 28 

Constant battery, 121 

Constant climate, 256 

Continuous spectrum, 160 

Contractile force, 113 

Convection of heat, 120 

Convergent rays, 185 

Convex lenses, 151 ; optical center of, 
152 ; image formed by, 158 

Convex mirrors, 148 

Copper, specific gravity of, 56 

Cork, specific gravity of, 56 

Cornea, 174 

Corpuscular theory, 184 

CorU's fibers, 106 

Coulomb's torsion balance, 188 

law of electrical attraction, 
198 

Couple, voltaic, 219 ; thermo-electric, 
248 

Cowper's writing telegraph, 284 

Critical angle, 148 

Crookes's radiometer, 124 

Crown-glass, 152 (note) 

Crystalline lens, 174 

Crystallization, 116 ; exhibition of, 174 

Cubical expansion, 110, 118 

Cumulo-stratus, 251 

Cumulus, 251 

Cupping, 70 

Current, voltaic, 220; direct and in- 
verse, 280 
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Curved mirrorB, 140 
Curves, magnetic, 180 
Cut-out, 234 

Cylinder, of steam-engine, 127 
Cylinder machine, 204 
Cylindrical mirrors, 145 

DANIELL'S pyrometer, 112; bat- 
tery, 222; hygrometer, 119 

Dark lines of the spectrum, 160 

Declination of the magnetic needle, 191 

Decomposition of water, 225 

Density, of the earth, 83 ; of a gas, 115; 
electric, 199 

Deviation, angle of, 165 

Dew, 120, 253 

Dew point, 119 

Diamond, hardness of, 42 ; specific grav- 
ity of, 56 ; Index of refraction of, 
147 

Diaphanous bodies, 134 

Diathermancy, 123 

Diatonic scale, 95 

Dielectric polarization, 201 

Dielectrics, 201 

Diffraction, 177; bands, 178; spectra, 
178 

Diffused light, 140 

Diffusion of heat, 122; of liquids, Gl 

Diosmose, 60 

Dip of magnetic needle, 192 

Direct vision spectroscope, 162 

Disc, Newton's, 158 

Discharge, electric, 212 

Discharging rods, 210 

Dispersion of light, 156 

Dispersion of power, 150 

Distillation, 118 

Divergent rays, 135 

Divisibility, 12 

Dolland's chromatic lenB, 1G3 

Dot and dash alphabet, :I32 

Double-action steam-engine, 127 

Double refraction, 146, 170 

Ductility, 42 

Duration of electric spark, 215 



Dynamical electricity, 218 
Dynamo-electric machines, 288 

EAR, the, 105 
Earth, orbital velocity of, 14; 
mean density of, 33 ; shape of, 40 ; 
magnetic poles of, 191 

Ear-trumpet, 90 

Ebullition, 117 

Echoes, 89 

Edison's phonograph, 104 

Efflux, velocity of, 62 

Elastic balls, collision of, 27 

Elastic fluids, 66 

Elasticity, 13 ; of solids, 41 ; of trac- 
tion and fissure, 41 

Electric alarm, 234 ; pendulum, 195 ; 
attraction, 197; density, 199; spark, 
207; battery, 211; discharge, 212 ; 
egg, 213 ; pistol, 215 ; light, 224 ; 
telegraph, 231 

Electrical attraction and repulsion, 197 
chimes, 207 
fish, 244 
induction, 199 
machine, 202 
potential, 212 
whirl or vane, 207 

Electricity, frictional, 195 ; resinous and 
vitreous, 196 ; positive and nega- 
tive, 197 ; distribution of, 198 ; ac- 
cumulation of, 199; communication 
of, 201 ; loss of, in machine, 204 ; 
velocity of, 215 ; galvanic or dy- 
namical, 218 ; animal, 244 

Electrodes, 221 

Electro-dynamics, 229 

Electro-gilding, 227 

Electrolysis, 226 

Electrolyte, 226 

Electro-magnetic engines, 286 

Electro-magnetism, 228 

Electro-magnets, 230 

Electro-metallurgy, 226 

Electrometer, 204 

Electro-motive force, 220 
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Electro-motiTe aeriesi 220 

Eleotro-motore, ^85 

Electrophoruo, 208 

Electro-plating, 227 

Electroscope, 195 ; gold-leaf, 202 

Electro-silyeriBg, 227 

Electro-statics, 229 

Electrotype, 226 

Elements, 9 

Emission, theory of, 109 

Endoemometer, 60 

Endosmose and exosmose, 60 

Energy, 27 ; transformation of, 28 ; 

conservation of, 28 
Engine, steam, 126 ; doable action, 127 
Epinns's condenser, 209 
Equator, magnetic, 193 
Equilibrium, 84 ; of liquids, 49 
Erecting eye-piece, 171 
Escapement, 26 
Essential properties, 11 
Ether, universal, 11 
Ether waves, length of, 150 ; number 

of, 156 
Evaporation, 117 
Exosmose, 60 
Expansion, by heat, 113 ; co-efficient of, 

118 ; of liquids, 114 ; of gases, 115 ; 

force of, 115 
Express train, velocity of, 14 
Extension, 12 
Extraordinary ray, 176 
Extreme climates, 256 
Eye, the human, 174 
Eye-piece, of the microscope, 165; of 

the telescope, 167 

FAHRENHEIT'S scale, 112 
Falling bodies, 86 ; laws of, 87 
Faraday, 226, 286, 287, 245 
Fata Morgana, 149 
Field, magnetic, 189 
Finder of telescope, 169 
Fire-engine, 82 
Fish, electrical, 244 
Fixed liquids, 117 



Fixed pulley, 19 

Fizeau*s method, 187 

Flame, 181 

Flames, effect of sound on, 101 ; sen- 
sitive, 102 ; illuminating power of, 
181 

Flexure, elasticity of, 

Flint-glass, 152 ; specific gravity of, 56 

Floating bodies, 54 

Florentine experiment, 12 

Fluid, 10 

Fluids, magnetic, 187 

Fluorescence, 168 

Fluor spar, diathermancy of, 124 

Fly-wheel, 18 

Focal distance, 151 

Focus, principal, 141 ; real aud virtual, 
141; conjugate, 141 

Focusing, 167 

Fogs, 250 

Foot-pound, 27 

Force, 14 ; constant and variable, 15 ; 
centripetal and centrifugal, 24 ; im- 
pulsive, 26 

Forces, resultant of, 14 ; parallelogram 
of, 16 

Foucault*s method, of finding velocity 
of light, 187 ; of projecting carbon 
points, 224 

Fountain in vacuo, 78 

Franklin's experiment, 201 (note) 

Fraunhofer*s lines, 159 

Freezing mixture, 113 

Freezing point, 112 

French unit of work, 27 

Friction, 28 ; a source of heat, 129 

Friction wheels, 87 

Frictional electricity, 195 

Fulcrum, 18 

Fundamental color, 159 ; note, 95 

Fusion, 116 

GALILEO'S discovery of the laws oi 
falling bodies, 87 
Galileo's telescope, 171 
Galvani, experiments of, 218, 244 
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GalTftnic oireait, 219 

GalYAninn, 218 

Galvanometer, 228 

Gas, specific gravitj of, 115 

Gaseous state, 10 

Gases, 10 ; flaidity of, 45 ; elastic force 
of, 86 ; expansibility of, 66 ; com- 
pressibility of, 67, 73; weight of, 
73 ; expansion of, 115 

Gay*Lu8sao, balloon ascension by, 74, 
251 

Gay-Lassac*8 barometer, 71 

Geissler*s tubes, 240 

General properties of matter, 11 

Gilbert, Dr., 195 

GlaisUer's balloon ascension, 75 

Glass, crown, 152 ; flint, 152 ; index 
of refraction of, 147; unanuealed, 
176 

Gold, porosity of, 12 ; malleability of, 
42 ; specific gravity of, 50 ; fnsing 
point of, 110 

Gold-leaf electroscope, 202 

Governor, 128 

Graham's mercury pendulum, 114 

Graphic method of determining the 
number of vibrations, 93 

Gravitation, universal, 32 

Gravity, 33 ; center of, 33 ; specific, 55 

Gregorian teleHcope, 160 

Gridiron pendulum, 113 

Grindstones, tendency to burst, 24 

Grove battery, 222 

Guericke, Otto von, 76 

Gymnotns, 245 

HAIL, 253 
Hailstones, size of, 254 
Hardness, 42 

Harmonics, 96 ; in human voice, 105 
Heat, 109 ; mechanical theory of, 109 ; 
general effects of, 110; external and 
internal work of, 110 ; latent, 110 ; 
radiation of, 120 ; conduction of, 
120 ; convection of, 120 ; radiant, 
121 ; ab6orption odE, 122 ; refleoUou 1 



of, 122 ; specific, 125 ; sources of, 
129; terrestrial, 130; animal, 131 

Heating, effects of, on a magnet, 190 ; 
on the electric discharge, 213 ; ou 
the voltaic current, 223 

Heat rays, 159 ; polarisation of, 182 

Height of barometric column, 71 

Heights, determination of by the ba- 
rometer, 72 

Heliograph, 140 

Helix, 230 

Helmholtz, 130 (note) 

Hemispheres, Magdeburg, 69 

Henry, Prof., 235 

Hero's Fountain, 79 

Herschel's telesco];)e, 170 

High pressure steam-engine, 120 

Hill battery, 222 
' Hoar frost, 253 

Holtz*s electrical machine, 205 

Homogeneous medium, 135 

Hooke, 32 

Hughes's microphone, 241 

Ihiman, ear, 105; voice, 105; eye, 174 

Humboldt, 193, 245 

Hurricane, velocity of, 14 

Iluyghens, 134, 176, 179 

Hydraulic press, 50 

Hydraulics, 45 

Hydro-dynamics, 45 

Hydro-electric machine, 206 

Hydrogen fiame, 181 

Hydrogen gas, density of, 87 

Hydrometer, 56 

Hydrostatic balance, 56 
bellows, 47 
paradox, 48 

Hydrostatics, 45 ' - 

Hygrometer, 119 

Hygrometric state, 119 

Hypothesis, 11 

JOE, melting-point of, 116 ; force pro- 
duced by the formation of, 117; 
diathermancy of, 123 
Ice calorimeter, 125 
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Iceland spar, double refraotlon of, 176 ; 
polarization bj, 179 

Illuminating power of flames, 131 

Image, formation of in concave mirrors, 
142 ; real and virtual, 142 ; in con- 
vex mirrors, 144 ; by a convex lens, 
163 ; bj a concave lens, 154 

Impact, 26 

Impenetrability, 12 

Impulsive force, 26 

Incidence, angle of, 138, 146 

Incident ray, 146 

Inclination of magnetic needle, 192 

Inclined plane, 21 

Index of refraction, 146 ; absolute and 
relative, 147 

Indicator, 231 

Induced currents, 235 ; produced by 
the action of magnet, 236 ; proper- 
ties of, 287 

Induction, electrical, 199; magnetic, 
188 ; voltaic, 234 

Induction coil, 239 

Inductive capacity, 201 
power, 201 

Inertia, 14 

Insulating stool, 207 

Insulation, 196 

Insulators, 196 

Intensity, of sound, 86 ; of musical 
sounds, 94 ; of light, 137; of ter- 
restrial magnetism, 193; of elec- 
tricity, 228 

Interference, of sound 98 ; of light, 176 

Intervals, musical, 95 

Iris, 174 

Iron, specific gravity of, 56 ; expansion, 
of, 113; melting point of , 113; re- 
flection of heat by, 122 ; radiating 
power of, 122 ; used for the electro- 
magnet, 281 

Irradiation of, 176 

Irregular reflection, 140 

Isoclinic lines, 193 

Isodynamic lines, 193 

Iflogonic lines, 191 



Ivory, specific gravity of, 56 

JACX)BI, Prof., 226 
Jar, Leyden, 210; with movable 
coatings, 211 
Jets, 62 
Jupiter, eclipse of the satellites of, 136 

KALEIDOSCOPE, 139 
Keepers, 190 
Kepler, 32 (note) 
Key of electric telegraph, 233 
Knife edge, 36 

Kirchhoff, experiments of, in spectrum 
analysis, 162 ; to ascertain the ve- 
locity of electricity, 216 
Koenig's apiMuratns, 103 

LABTRINTH of the ear, 106 
Land and sea breezes, 249 

Lantern, magic, 173 

Laryngoscope, 145 

Latent heat, 116 ; of fusion, 126 ; of 
vaporization, 126 

Law, physical, 10 

Layer of constant temperature, 130 

Lead, specific gravity of, 56 

Lenses, 150 ; kinds of, 151 ; focus of, 
151 ; principal axis of, 151 ; con- 
vex, 151 ; concave, 154 

Level, water, 51 ; spirit, 52 

Lever, 18 ; compound, 19 

Leyden jar, 210 

Light, 134 ; propagation of, 134 ; veloc- 
ity of, 136 ; intensity of, 137 ; re- 
flection of, 188 ; refraction of, 146 ; 
composition of, 155 ; dispersion of, 
155 ; interference of, 176 ; polari- 
zation of, 179 ; electric, 224 

Lightning, 201 

Lightning arrester, 234 

Line, of direction, 34 ; of no variation, 
191 

Line spectrum, 160 

Linear expansion, 110 
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Liquids, 10 ; compreflsibilitj of, 45 ; 
elasticity of, 46; equilibrium of, 
40 ; free surface of, 59 ; diffu- 
sion of, 61 ; ez]>an8ioD of, 111 ; 
diathermancy of, 123 

liOcatelli'B lamp, 123 

Locomotive, 129 

Lodestone, 186 

Long sight, 175 

Loops, 90 

Low pressure engines, 129 

Lubber*B point, 192 

Luminiferous ether, 184 

LuminouB bodies, 134 

Luminous effects, of electric discharge, 
212 ; of the voltaic current, 224 

Luminous meteors, 248 
pane, 213 
ray, 134 
tube, 213 

MACHINE, 18; Atwood*B, 37; elec- 
trical, 202 ; dynamo-electric, 
238; Spottiswoode's, 240 
Haohines, simple, 17 
Magdeburg hemispheres, 69 
Magic lantern, 173 

Magnetic attraction and repulsion, 187 ; 
law of, 188 
battery, 189 
curves, 189 
effects of electric discharge, 

212 
equator, 193 

field, 189 ; production of elec- 
tric currents in, 237 
fluids, 187 
force, 190 
induction, 188 
intensity, point of least, 193 
needle, declination of, 191 ; 

inclination of, 192 
phenomena, 193 
poles of the earth, 191 
storms, 193 
substances, 188 



Magnetism, 186; red and blue, 187; 
terrestrial, 191 

Magnetisation, 190; effect on volume, 
231 

Magneto-electric machine, 288 

Magneto-electrical induction, 237 

Magneto-electricity, 237 

Magnets, artificial and natural, 186; 
properties of, 186 ; poles of, 186 ; 
temporary and permanent, 188 ; ac- 
tion of on voltaic currents, 229 

Magnifying power, of a microaeopef 
167 ; of a telescope, 169 

Main line sounder, 234 

Major scale, 95 

Major tones, 95 

Malleability, 42 

Mains, 179 

Mariner*s compass, 192 

Mariotte*s law, 73 

Marked end of the magnets, 191 

Maskelyne, Dr., 33 

Mass, 11 (note), 39 

Matter, 9 ; essential attributes of, 11 

Mechanical effects of electric discharge, 
212 

Mechanical philosophy, 9 
powers, 17 

Medium, 135 ; of parallel faces, 149 

Melloni*8 experiments, 123 

Melting point of various substances, 116 

Membranes, vibrations of, 98 

Meniscus, 151 

Mercurial thermometer. 111 

Mercury, specific gravity of, 57 ; boiling 
point of, 112, 113 ; solidification of, 
112 ; use of, in the x>endulum, 114 ; 
ezi>ansion of, 114 ; fusing-point of, 
116 

Merry Dancers, 255 

Metallic mirrors, 139 

Metals, discovery of by spectrum, 162 ; 
conductivity of, 196 

Meteorograph, 256 

Meteorology, 248 

Meteors, 248 
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Microphone, 241 

Miorosoope, 165 ; compound, 105 ; mag- 
nifying power of, 167 ; solar, 174 

Minor tones, 95 

Mirage, 148 

Mirrors, 138 ; plane, 138 ; carved, 140; 
concave, 141 ; convex, 143 ; para- 
bolic, 145 ; cjlindrioal and conical, 
145 

Mists, 250 

Mobility, 13 

Molecular attraction, 40 
forces, 
motion, 100 

Molecules, 9 ; distance between ad- 
jacent, 10 ; of liquids, 45 

Momentum, 14 

Mongolfier*s balloon, 74 

Monochord, 94 

Monsoons, 249 

Morse's alphabet, 232 
telegraph, 231 

Motion, 13 ; uniform, 14 ; rectilinear 
and curvilinear, 14 ; uniformly ac- 
celerated, 23 ; in a circle, 24 

Movable pulley, 20 

Multiple echoes, 89 
images, 139 

Muscular currents, 244 

Music, 85 ; physical theory of, 98 

Musical scale, 95 

Musical sounds, 93 ; how produced, 94 

Musk, divisibUity of, 12 

Myopy, 175 

NAIRNE'S electrical machine, 204 
Natural philosophy, 9 
Needle, magnetic, 191, 192 ; astatic, 193 
Negative electricity, 197 
Neutral equilibrium, 34 

line, 187 
Newton, Sir Isaac, 26, 32, 134, 156 

(note), 178 
Newtonian telescope, 170 
Newton's disc, 158 

first law of motion, 13 



Newton's rings, 178 

theory of light, 134 
Nicholson's hydrometer, 56 
Nimbus, 251 

NobiU's thermo-electric pile, 244 
Nodes, 96 

Noises and musical sounds, 85 
Norremberg's apparatus, 181 
Northern light, 254 
North-pointing pole of magnet, 191 
Notes, musical, 95 
Nut of screw, 23 

OBJECT-GLASS, 165 ; of telescope, 
167 
Octave, 95 
Oersted, 228 
Ohm's law, 228 
Opaque bodies, 134 
Opera-glass, 172 
Ophthalmoscope, 145 
Optical center, 152 

instruments, 165 
Optic nerve, 174 
Optics, 134 
Ordinary ray, 176 
Organ pipes, 97 
Oscillation, center of, 25 
Overshot wheels, 61 
Oxidation, 131 

PAGE, Prof., 285 
Pallets, 26 

Pane, luminous, 213 

Parabolic mirrors, 145 

Parachute, 76 

Paradox, hydrostatic, 48 

Parallelogram of forces, 16 

Parallel rays, 141, 151 

Pascal, 51 

Pascal's law, 46 

Path of a projectile, 39 

Pencil of light, 134 

Pendulum, 25 ; simple and-compound, 
25 ; length of, 25 ; compensation, 
113 ; gridiron, 113 ; electric, 195 
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Penambra, 186 

Percoasioiii a 8oaro« of heat, ISO 

Periodical winda, 248 

Periflcopic glasBefl, 175 

Permanent magnets, 188 

Fetroleam, specific graTity of, 57 

Plienomena, physical, 9 

Filial of four elements, 60 

Phonautograph, 90 

Phonograph, 104 

Phosphoros, fusing point of, 110 

Photographic camera, 172 

Photometer, 187 

Physical agents, 11 
law, 10 
phenomena, 9 
theory, 11 

Physics, object of, 9 

Physiological effects, of the electric 
discharge, 212 ; of voltaic currents, 
223 

Piezometer, 45 

Pigment colors, 150 

Pile, voltaic, 219 ; thermo-electric, 243 ; 
Nobili's, 244 

Pipes, organ, 97 

Pisa, leaning tower of, 84 

Pistol, electric, 215 

Piston, 80 

Pitch of musical sounds, 94 

Pith-ball pendulum, 195 

Plants, growth of, 159 

Plate electrical machine, 202 

Plates, colors of thin, 178 

Plates, vibrations of, 97, 98 

Platinum, ductility of, 42 ; specific 
gravity of, 56 ; fusing point of, 1 16 

Plumb line, 33 

Pneumatic syringe, 66, 130 

Pneumatics, 66 

Point of application, 15 

Polariscope, 180 , 

Polarity of magnet, 187 

Polarization, of light, 179 ; by refrac- 
tion, 179; by reflection, 180; di- 
electric, 201 



Polarizer, 180, 182 

Polarizing angle, 180, 181 

Poles, of a magnet, 186 ; of a voltaic 
battery, 221 ; of a helix, 230 

Polyprism, 150 

Pores, sensible and physical, 12 

Porosity, 12 

Positive electricity, 197 

PosUl battery, 234 

Potential, electrical, 212 

Poundal, 15 

Power, relation of, to weight, 18 

Powder ram, 130 

Press, hydraulic, 50 

Preasore, on liquids, 46 ; on the side of 
a vessel, 48 ; atmospheric, 68, 249 ; 
upon bodies in air, 74; influence 
of, on boiling point, 117, 118 

Priestley, Dr., 214 

Primary coil, 235 

Principal axis of a mirror, 141 ; of a 
lens, 151 
focus of a mirror, 141 ; of a 
lens, 151 

Principle of Archimedes, 53, 74 

Prism, 149 ; right-angled, 150 ; achro- 
matic, 164 

Prisms, refraction by, 149 

Projectiles, 38 ; path of, 39 

Proof-plane, 198 

Properties of bodies, 1 1 

Pulley, 19 ; movable, 20 

Pump, air, 76 ; suction, or lift, 80 ; suc- 
tion and force, 80 

Pumps, 79 

Pupil, 174 

Pyro-heliometer, 130 

Pyrometer, 112 

Pyronomics, 109 

Pythagoras, 95 (note) 

QUARTZ, diathermancy of, 123; 
polarizing angle for, 181 

RADIANT heat, 121 
Badiation, of heat, 120 ; laws of, 
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121 ; bj polished surfaces, 123 ; of 
aqueous vapor, 252 

Radiometer, 124 

Bain, 251 

Bain gauge, 251 

Bainbow, 164 

Bainfall, 251 

Bange, or random, 38 

Bay, incident, 146 ; luminous, 134 ; or- 
dinary and extraordinary, 176 

Bays, actinic, 159 ; convergent and di- 
vergent, 135 ; of beat, 159 ; paral- 
lel, 151 

Beaction, 17 

Beal focus, 141 ; image, 142 

Beaumur's scale, 112 

Beceiver of air-pump, 76 

Becomposition of white light, 157 

Bectilinear motion, 23 

Beed, 97 ; instruments, 97 ; pipe, 97 

Beiiected light, 140 

Beflecting telescojra, 169 

Beflection, of sound, 88 ; of heat, 122 ; 
of light, 138 ; regular and irregular, 
140 ; total, 147 

Befracting angle, 149 

telescope, 168 

Befraction, 146 ; how caused, 146 (note) ; 
angle of, 146 ; index of, 146 ; 
double, 146, 176 ; phenomena of, 
147; astronomical, 147; by prisms, 
149 ; polarization by, 179 

Befractory substances, 116 

Befrangibility of rays, 156 

Begular winds, 248 

Belay battery, 233 

Bepulsion, true test of a magnet, 188 

Besinous electricity, 196 

Besonance, 89 

Besultant of forces, 15, 17 

Betina, 174 

Betum shock, 202 

Bight-angled prism, 150 

Bings, Newton's, 178 ; colored, 182 

Bock salt, diathermancy of, 124 

Boemer, 136 



Boiling friction, 23 
Bosse's telescope, 170 
Botation of a magnet, 286 
Buhmkorff's coil, 239 
I Bumford, 110 (note) 

SACXmABOiETEB, 182 
Safety valve, 127 
whistle, 127 
Saturation, degree of, 119 
Savart's toothed wheel, 91 
Scale, musical, 95 
Scales, thermometric, 112 
Sclerotica, 174 
Scott's phonautograph, 99 
Screw, 22 
Sea-water, pressure of, 48; specific 

gravity of, 57 
Secchi, classification of stellar spectra 

by, 160 
Secondary axis of a mirror, 142; of a 
lens, 152 
coil, 235 
Seebeck, Prof., experiment by, 243 
Semi-conductors, 196 
Semitones, 95 

Sensation of heat and cold, 121 
' Sensible heat, 126 
Sensitive flames, 102 
Shadow, 135 
Sheave, of pulley, 19 
Short sight, 175 
Silver, specific gravity of, 56 ; melting 

point of, 113 
Simple galvanic circuit, 210 

microscope, 165 
Sine, of an arc or angle, 146 (note) 
Singing flames, 101 
Siphon, 79 ; barometer, 70 
Sirene, 91 
Sleet, 253 
Sliding friction, 23 
Smee's battery, 223 
Snow, 253 ; crystals, 253 
Soap-bubbles, colors of, 178 
Sodiumi spectrum of, 160 
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Solar heat, 190 

microscope, 174 
radiation, 180 

spectrum, 106; colors of, 166; 
rajs of, 150 ; dark lines in, 159 

Solidification, 116 

Solids, 10 

Solution, 116 

Sonometer, 94 

Sonorous bodies, 85 

Sound, 85 ; cause of, 85 ; intensity of, 
86; laws of, 86, 87; propagation 
of, 86 ; yelooitj of, in air, 87 ; in 
water, 88; in iron, 88; reflection 
of, 88 ; interference of, 98 ; effect 
of, on flames, 101 

Sound vibrations, measurement of, 90 ; 
graphic method of determining, 
08 ; in strings, 95 

Sounder, 233 

Sounds, visual representation of, 98 ; 
perception of, 105 

Spark, electric, 207 

Speaking-trumpet, 90 

Speaking-tubes, 87 

Specific gravities, table of, 66 

Specific gravity, 55 ; of solids, 56 ; of 
liquids, 57 ; of gases, 115 

Specific heat, 125 

Specific properties, 11 ; of solids, 41 

Spectra, different kinds, 160 ; diffrac- 
tion, 178 

Spectral colors, 159 

Sx>ectroscope, 161 

Spectrum, solar, 155 ; of artificial light, 
156 ; continuous and line, 160 ; 
analysis, 162 

Speculoid reflection, 140 

Spencer, Thomas, 226 

Spherical aberration, 144; by refrac- 
tion, 155 

Spiral or helix, 280 

Spirit level, 52 

Spottiswoode's machine, 240 

Stable equilibrium, 34 

Standard of specific gravity, 55 



Stars, spectra of, 160 

Steam-engine, 126 

Steel, tempering of, 40 

Steeling, 227 

SteinheiFs telegraph, 281 

Stereopticon, 175 

Stereoscope, 175 

Stethoscope, 90 

Still, 118 

Stirrup, of pulley, 19 

Stool, insulating, 207 

Storms, magnetic, 193 

Stratus, 251 

Strings, vibrations of, 94 

Submarine cables, 215 

Suction pumps, 81 

Sulphur, specific gravity of 56 ; fusing 

point of, 116 
Sun, heat of, 180 (note) 
Sun-spots, 193, 265 
Superficial expansion, 110 
Suspension, center of, 25 ; axis of, 86 
Swimming, 54 
Swimming-bladder, 54 
Symmes's theory, 197 
Syringe, pneumatic, 66, 180 

TASDIETER, 242 
Telegraph, electric, 231 ; Morse's, 
231 ; Steinheirs, 231 ; Wheatstone*s, 
231 ; Gowper's writing, 234 

Telephone, 240 

Telescope, 167; refracting, 168; re* 
fleeting, 169 ; Gregorian, 168 ; 
Newtonian, 170; Herschers and 
Lord Rosse*s, 170 ; terrestrial, 171 ; 
Galileo's, 171 

Temperature, 111 ; required for ebul- 
lition, 117; effect of, on magnets, 
190 

Temperatures, table of, 112 

Tempering, 42 

Tenacity, 41 ; dependent on form, 42 

Tension of gUses, 66 

Terrestrial gravitation, 88 
heat, 180 
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Terrestrial magnetiam, 191 ; intensity 
of, 193 ; action of, in in- 
duction, 287 
telescope, 171 

Thales, 195 

Thallium, discovery of, 162 

Theory, atomic, 10 ; physical, 11 ; of 
music, 98 ; of heat, 109 ; of light, 
184, 180 ; of electricity, 197 ; of 
galvanism, 219 

Thermal rays, 122 

Thermal unit, 125 

Thermo-electric battery, 248, 244 

couple, 248 
current, 248 
pile, 243 

Thermo-electricity, 248 

Thermometer, 111 ; weight, 114 

Thin plates, colors of, 178 

Thunder, 201 

Tin, specific gravity 6f , 56 

Tones, 95 

Torpedo, 245 

Torricellian vacuum, 71 

Torricelli*s theorem, 62 

Torsion, angle of, 41 ; force of, 41 ; bal- 
ance, 41, 188 

Total reflection, 147 

Toughness, 42 

Tourmaline pincette, 180 

Trade winds, 249 

Transformation of energy, 28 

Transparent bodies, 184 

Tropical climate, 252 

Trumpet, speaking, 90 ; ear, 90 

Twilight, 68 

Tympanum, 105 

Tyndall, experiments and researches 
of, 94, 101, 102, 106, 124, 129, 168, 
252 

UNDERSHOT wheels, 61 
Undulation, theory of, 109 
tJndulatory theory of light, 184 
Uniformly accelerated motion, 28 
Unison, 94 



Unit, of force, 15 ; of work, 27 ; ther- 
mal, 125 
Universal gravitation, 82 
Unstable equilibrium, 84 

VACUUM, 86 ; Torricellian, 71 ; 
produced by the air-pump, 76 ; 
absolute, 77 

Valve, safety, 127 

Valves, 80 

Vane, electrical, 207 

Vaporization, 117 

Vapors, 117; aqueous, 252 

Variable climate, 256 
winds, 249 

Velocities, table of, 14 

Velocity, 14 ; of sound. 14, 87 ; of light, 
14, 186 ; of electricity, 215 

Ventilators, 121 

Vibrations, of ])endulum, 25 ; of sound- 
ing bodies, 85 ; amplitude of, 86 ; 
measurement of the number of, 90 ; 
graphic method of enumerating, 
98 ; of strings, 94 ; musical notes 
dependent on, 95 ; wave-length de* 
duced from, 96 ; analysis and rep- 
resentation of, 97 ; of plates, 97 ; 
of membranes, 98 ; number of, pro- 
duced by the human voice, 105 
(note) ; perceptible by the ear, 106 
(note) ; of molecules, 109 ; in the 
luminiferous ether, 184 

Vibroscope, 98 

Victoria regia, 181 

Virtual focus, 141 
image, 142 

Viscosity, 45 

Visual angle, 175 

Vis viva, 109, 110 

Vitreous electricity, 196 
humor, 174 

Vocal chords, 105 

Volatile liquids, 117 

Volta, experiments by, 219 

Voltaic arc, 224 

battery, 221 
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VolUio couple, 219 

onrrent, 223; physiological ef- 
fects of, 228 ; heating effects 
of, 228 ; luminous effects of, 
224 ; chemical effects of, 223 
electricity, 218 
induction, 285 ; law of, 236 
pile, 210 
Voltameter, 226 
Volume, 12 

WATER, weight of, 48; greatest 
density of, 118, 115 ; boUing- 
point of, 118 ; freezing of, 117 ; in- 
dex of refraction of, 147 ; polarising 
angle for, 181 ; decomposition of, 225 

Water-level, 51 

Water power, 61 

Water-spouts, 252 

Water-wheels, 61 

Watt*B engine, 127 

Wave length, 96 

Wave theory, 184 (note) 

Weather charts, 250 
glass, 71 

Wedge, 22 

Wedgewood's pyrometer, 112 

Weight, 15; relation of, to power, 18 ; 



measure of mass, 39 ; variation in. 
89 ; affected by form of the earth, 
89; by centrifugal foroe, 40; of 
gases, 67; of air, 67 

Weight thermometer, 114 

Wells, artesian, 52 

Wheatstone's experiments, 215; tele- 
graph, 281 

Wheel and axle, 20 

Wheel barometer, 71 

Wheel-work, 21 

Wheels, friction, 87 

Whirl, electrical, 207 

Whispering galleries, 89 

Whistle, safety, 127 

White-light, decomposition of, 155 ; re- 
composition of, 157 

Wind instruments, 97 

Winds, 248 ; velocity of, 14 

Wire, platinum, 42 

Wollaston, 159, 175, 226 

Wollaston's battery, 221 

Work, 27 ; measure of, 27 ; unit of, 27 ; 
time and, 27 

Writing telegraph, 284 

ZINC, specific gravity of, 56 ; use of, 
in the voltaic circuit, 220 



